GEOEPANBHOE AFEHTCTBO
Nno TEXHWYECKOMY PErYnMPOBAHWUIO U METPOINOIMA

HALMOHAINDbHbI W FrIOCTP
CTAHOAPT
1r POCCUMNCKOWN 70428—
®EQEPALUMN 2023

TEMNNOBBLIAENAKLWUE CBEOPKH
BOOO-BOOAHOIO
OQHEPITETUYHECKOI'O PEAKTOPA

Pac4yeT Ha NPOYHOCTb Ha CTaAuN NPOEKTUPOBaAHUSA
npu A4eNCTBUU CTaTUYECKUX Harpy3ok

MN3pgaHue ochbnymansHoe

Mockea
PoccUACKNIA MHCTUTYT CTaHOAPTU3ALUN

2023

GostExpert.ru
https://GostExpert.ru/gost/gost-70428-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67202
https://gostexpert.ru/gost/gost-70428-2023?utm_source=pdf&utm_medium=67202&utm_term=page

FOCT P 70428—2023

Mpeancnoeue

1 PASPABOTAH AkunoHepHbiM obecteom «OpaeHa JleHuHa Hay4Ho-uccneqoBaTenbCKUn U KOHCTPYK-
TOPCKUIA MHCTUTYT 3HeprotexHuku umenn H.A. Jonnexans» (AO «HUKUN3T»)

2 BHECEH TexHW4ecKuM KOMUTETOM Mo cTaHaapTusaumn TK 322 «AToMHaa TexHUKa»

3 YTBEPXIEH W/ BBENEH B JEWCTBWE Mpukaszom ®denepanbHOro areHTCTBA MO TEXHUYECKOMY
perynuposaHuio n metponorum ot 20 uona 2023 r. Ne 573-cT

4 BBEJJEH BIMNEPBbIE

5 ®egepanbHOe areHTCTBO Mo TeXHU4eCKOMY peryrnmpoBaH1UO N MeTPONorMnm He HecetT OTBETCTBEHHOCTU
3a NATEHTHYH YUCTOTY HacToAlWero crtaHaaprta. MaTteHTOOGNagaTenbs MOXeT 3asBUTb O CBOMUX npaBax n Ha-
NnpaBnTb B CDe,u,epaanoe AreHTCTBO NO TEXHWYECKOMY pPEerynMpoBaHUiD M MeTponornun aprymeHTMpoBaHHoOe
npegnoXxeHwe © BHeECEHNN B HacToALWNA CTaHOapT nornpaekn OnAa yKasaHuda VIHCbOpMaLI,I/IVI O Hanm4nn B CTaH-
naprte 00BLEKTOB NaTEHTHOTo npaea u naTeHTooﬁna,anene

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHAa
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmandapmus3sayuu 8 Pocculickol ®@edepayuu». MHgpopmayus ob u3-
MeHeHUSX K HacmosduwieMy cmaHO0apmy nybrnukyemcs e exes00HOM (0 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmsbi», a oguyuanbHbil MeKcm usmMeHeHul
U ronpasoK — 8 eXeMecayHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B ciyvae
rnepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuie2o cmaH@apma coomeemcmsyrouwee ygedomneHue bydem
onybnukoeaHo 8 6nuxalwemM ebINyCKe eXeMecsyHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomsemcemaeyiow,asi UHGhopMayusi, ygedoMIeHUE U MEeKCmbl Pa3Mewalmcs makxe 8 UH-
gopmayUoHHOU cucmeme 06wez0 Noab3osaHUss — Ha oghuyuansHoM calime PedepanbHO20 azeHmcmea fno
MexHUYeCcKoMY peayuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

TENNOBbLIAENAIOWWE CEOPKKM BOOO-BOOAHOINO 3HEPFETUYECKOIO PEAKTOPA
PacuyeT Ha NpoYHOCTbL Ha CTaAUM NPOEKTUPOBAHUA NPU AeACTBUM CTATUYECKNX Harpysok

Fuel assembly of the water-water power reactor. Rules for static strength analysis at the design stage

Oarta BeepgeHna — 2023—09—01

1 O6nacTb npUMeHeHus

1.1 CtaHgapt ycTaHaBnueBaeT TpeboBaHWA K MPOBEAEHWMI0 PACYETOB Ha NPOYHOCTb TEMNMOBbLIAENSALLUX
cbopoK BOOO-BOASIHBIX 3HEPreTUHECKUX PeakTopoB MpU 4eMCTBUM CTaTUYeCKUX Harpysok.

1.2 HacTtodAwmi ctaHgapT npefHasHavyeH ons npumMmeHeHus npyu obocHOBaHWUKM MPOYHOCTK TEMNMOBbIAE-
nawLwWmMx cbopok B COOTBETCTBUN € hefepansHbIMM HOPMaMK U NpaBunaMu B obnacT UCMNonbL30BaHWUSA aToM-
HOW aHeprun [1] Ha cTaguK NPOEKTUPOBAHUS.

1.3 JonyckaeTca ncnonb3oBaTk NOMOXEHUs AaHHOro cTaHgapTa Ang pacHeta KOMMOHEHTOB TensoBbl-
densowmnx cbopok, N3rOTOBMEHHBIX U3 CTanew W aKCnnyatvpyeMbix Npy TeMAepaType Bbille TemnepaTypsbl,
NpY OOCTUXEHWN KOTOPON HeoBXOOMMO yYUTbIBaTb XapakTepUCTUKN ONUTENbHOW NMPOYHOCTH, MIacTUHHOCTH
1 NMON3y4ecTH.

2 HopmaTtuBHbIE CChINKK

B HacToslwem cTaHgapTe UCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cnefyrolve cTaH4apThl:

FMOCT P 59115.1 Ob6ocHoBaHMe NpoYHOCTM 000pyAoBaHus M TpyOONpOBOAOB aTOMHbLIX SHEPreTUHeCcKUX
YCTaHOBOK. TEPMUHbI U onpefeneHus

FOCT P 59429—2021 YcTponcTea BHYTPUKOPMYCHLIE BOOO-BOOAHOIO 3HEPreTMYeckoro peakrtopa. Pac-
4yeT Ha MPOYHOCTb Ha CTauK NPOEKTUPOBaHUS

FOCT P 70429 Tennoeblgenswuwme cbopkn BOOO-BOOAAHOINO 3HepreTMyeckoro peaktopa. PacueT Ha
MPOYHOCTb Ha CTaguKn NPOEKTUPOBAHUA NPWU AENCTBUN JUHAMWYECKUX HAarpy3oK

MpumedyaHue — [pu NONb30BAHUM HACTOALUMM CTAHAAPTOM Lienecoobpa3Ho NpoBepUTL AEWCTBUE CCbINoY-
HbIX CTAHAAPTOB B MH(OPMAaLMOHHOW cucTeme OBLLEro nonb3oBaHus — Ha ohMLMansHOM cainTe PeneparnbHOro areHT-
CTBa MO TEXHWUYECKOMY PerynupoBaHvio U METPOMNOrAM B ceTh MIHTEpHET UMK MO eXXeroqHoMy MHOOPMaLMOHHOMY YKa3a-
Teno «HauuoHanbHbIe cTaHOapThb», KOTOPbIM ONyBNUMKOBaH MO COCTOSIHUIO Ha 1 AHBaps TEKYLLEro rofa, W rno BbiMyckam
EXXEMECAYHOTO MHOPMAaLMOHHOTIO yKkasaTens «HaunoHanbHble CTaHgapThi» 3a TekyLumii rog. Ecnn 3ameHeH CCbinoYHbIi
CTaHAApT, Ha KOTOPbIA AaHa HeaaTMPOBaHHasA CChINKa, TO PEKOMEHAYETCA UCMOMb30BATE AENCTBYIOLLYI0 BEPCUIO 3TOTO
CTaHaapTa C yYeTOM BCEX BHECEHHLIX B JaHHYI0 BEPCUI0 M3MEHeHW. Ecnu 3aMeHeH CChbiNouHbIi CTaHOApT, Ha KOTOPLIN
[aHa JaTWpOBaHHasA CChINka, TO PEKOMEHAYETCS UCMONB30BaTh BEPCUIO 3TOM0 CTAHAAPTA C YKa3aHHbIM BbILLE FOA0M yT-
BepkaeHus (NpuHaTuA). Ecnu nocne yTBepXOeHWA HACTOALLEro cTaHAapTa B CCbIMOYHbIA CTAHAAPT, HA KOTOPLIKA AaHa
[aTWpOBaHHAsA CChiNKa, BHECEHO W3MEHEHWE, 3aTpariBatoLLee NoNoXeHUe, Ha KOTOPOE AaHa CCbIMKa, TO 3TO MOMOXEHWE
peKkoMeHIyeTCs NPpUMEHATL Be3 y4eTa AaHHOMo W3MeHeHWs. ECnu cobINOYHbIM CTaHAapT OTMeHeH 6e3 3aMeHbl, To nono-
KEHWE, B KOTOPOM [jaHa CCbINKa Ha HEero, peKOMeHAyeTCs NPUMEHSIT B 4acTW, He 3aTparMBatoLLeid 3Ty CCbIMKY.

MapaHune ochbuumnansHoe
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3 TepMuHbI, onpeaeneHus, cokpaweHusa n o6o3Ha4YeHUn

3.1 TepmuHbl U onpeaeneHunA

B HacToswem cTaHgapTe npvMeHeHsl TepMmuHel no [1], FTOCT P 59115.1, a Takke cregyrolmne TepMUHEI
C COOTBETCTBYOLUMU onpefeneHnusamn:

3.1.1 ucTuHHOe HanpsbkeHue: HanpskeHue, onpedeneHHoe Mo gMarpaMme pacTsbkeHus Matepuana
npu 3agaHHoW gedopmMauum, yduTbiBaloLllee Nonpaeky Ha M3MeHeHne nroLwagn nonepeyHoro cevyeHus.

3.1.2 mMexaHu4eckue Harpys3ku: [laBneHue, BECOBbIE U MHEPLIMOHHbIE CUIbI 1 MOMEHThI (COCpenoTo-
JYeHHbIEe U pacnpefeneHHsle), AeNCTBYOWME Ha KOMMOHEHThI TENMOBbIAENALWMX cOopoK.

3.1.3 HakonneHHana aedopmauua: CymmapHoe 3HadeHve dedopmauuii NNacTUHHOCTU W MON3y4ecTy
3a paccmaTpuBaeMblil Nepuog BpeMeHu.

3.1.4 HoMUHanNbHbIN pa3mep: 3Ha4YeHne, yKasaHHOE B KOHCTPYKTOPCKOW AokyMeHTauun 6e3 yyeta go-
NyCKOB.

3.1.5 noBepoYHbIA pacyeT: PacyeT Ha NPOYHOCTbL, NPOBOAMMbIF Npu paspaboTke (qopaboTke) NpoekTa
W (MNK) M3rOTOBMNEHUM 0BBEKTA C LENbo NMPOBEPKU BLINMONHEHUS YCNOBUIA €ro NPOYHOCTM C YYETOM 3a4aHHbIX
pPEXUMOB 3KCMNNyaTauun, pecypca, cpoka crny0bl U KOHCTPYKTUBHbLIX 0coBeHHOCTel 0bbeKTa.

3.1.6 noBpexparwwan go3sa: MHterpansHaa xapakTepucTuka, oTpaxaiolasa cTeneHbs pagualnoHHoro
noBpeXxaeHusa Metanna.

M punmedHyaHmne — EnovHnua BennymHbl I'IOBDEH(,D,BIOLLI'EI?I [A03bl. CHa — CMEeLWEeHWE Ha aToOM.

3.1.7 pacyeTHana Temneparypa: MakcvmarnsHoe cpegHee MHTerpansHoe 3HadeHne TemnepaTtypbl No Torn-
L{MHe CTeHKM (CeYeHWs) KOMMOHEeHTa TennoBblAensALLein c6opkn B paccMaTpMBaeMoM pPexnmMe HarpyxeHus.

3.1.8 ynpyruia pacueT: PacyeT nNo onpeneneHnio HanpsxeHHo-4eOpMUPOBAHHOTO COCTOSIHUSI KOMMO-
HeHTa B NpednonoXeHuy ynpyroro NnoBeaeHWA Matepuana.

3.1.9 ynpyronnacTU4eckuin pacueT: PacyeT no onpeneneHuio HanpsxeHHo-0eopMUPOBAHHOMO CO-
CTOSIHUSI KOMMOHEHTa B NPeAnonoxeHnn ynpyronnacTM4eckoro nosedeHns Matepuana.

3.2 CokpaweHus

B HacTosllweM cTaHAapTe NpUMeHeHb! criedylouie CoKpalleHusa:
M — nuHnAa npueseneHus;

MK3 — mMeToq KOHEYHbIX 3aNeMeHTOB;

HOC — HanpsikeHHOo-Ae(OpPMUPOBaHHOE COCTOSAHMKE;
HHY3 — HapylweHne HopManbHbIX YCNOBWUIA 3KCMMyaTauum;
HY3 — HopmManbHbie YCNoBUA aKcnnyaTauuu;

PY — peakTopHas ycTaHOBKa;

CIN — ceyeHue npuBegeHUs;

CY3 — cucTema ynpaBneHus u 3aluThl;

TBC — TennosbigensLllas cbopka;

YW — ycnoBua ncnelTaHum;

YA — ycnoBus NpoekTHOW aBapui.

3.3 O6o3Ha4veHun

B HacToslem cTaHgapTe NpUMeHeHbl criefyouine 0bo3HauYeHns:

a — HaKornrneHHoe YCTanoCTHOE NoBpeXaeHue;

AI— YCIOBHbIW Mpefern ocTaToOYHOoro yarIMHEeHWs Npu paspbiBe npy Temnepatype T 3a Bpema t, %;

¢ — cymMapHas npubaska K TONLWHE CTEHKW, MM;

D — HOMWHAarbHLIA BHYTPEHHUI AnaMeTp LMNUHAPWUYECKOW YacTh KOMMOHEHTa, MM;

ET— MoOynb YNpyrocty npu pacyeTHon Temneparype, Mla;

J,— KpuUTU4eckoe 3Ha4eHue J-uHTerpana, H/imm;

K| — K03(hhMUNEHT MHTEHCUBHOCTU HanpshkeHnn, Mla - m "'

Ko — KpUTUYECKNIA KOS DNUNEHT MHTEHCUBHOCTU HanpsixeHui, MlMa - m /<,

K. — KpuTM4eckoe 3Ha4eHue KoapdULMeHTa MHTEHCUBHOCTU HaNPSHKEHWI, NoNy4YeHHoe nepecyeTom
n3 JC, MMMa - M”z;
Keof— 2P DEKTUBHBIN KOIMPULMEHT KOHLEHTPaLMK YCIOBHbLIX YNPYTUX HANpsiKeHui;

e
K5 — TeopeTU4eckunii KO3 @ULIMEHT KOHLIEHTPALIMKU HanpsikeHUH;

1/2
1/2
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Nyo— KO3(hpULMEHT 3anaca NPoYHOCTU NO Npegeny TeKy4ecTH;

n,, — K0adhHULUMEHT 3anaca NPO4HOCTH N0 BPEMEHHOMY COMpPOTUBIEHNIO;

Nyt — KO3 OUUMEHT 3anaca NPOoYHOCTH Mo Npeaeny AnUTerbHON MPOYHOCTH,

Ny — KO3 MULMEHT 3anaca NPOYHOCTU MO YUCITY LMKIOB MpW pacyeTax Ha LUKIMYECKYH NPOYHOCTS;

Ng — KO3(hpULMEHT 3anaca NPOYHOCTH MO YCIOBHOMY MECTHOMY NPUBEAEHHOMY HAMPsXKEHWIO NPy pac-
YeTax Ha UMKMUYECKYH0 NPOYHOCTb;

N — 4MCno UMKIOB Harpy>XeHusi KOMMOHEHTa B SKCNnyaTauuu;

[Ng] — oonyckaemoe 41crno UMKNoE;

Rf;? — MUHUMAarbHOE 3Ha4YeHWe BPpeMeHHOro CONpPOTMBIEHUA NPKU pacHeTHoW TemnepaTtype, Mla;
R;O 2 — MUHMManeHOe 3Ha4eHune yCIOBHOTO Mpefena TeKy4ecTh Npyu pacyeTHoW Temnepatype, Mla;
T .

RDO,2 — MWHWMMarnbHOE 3Ha4YeHWe YCNOBHOIO npefena Teky4yecTu npu Temnepatype rugpoucneitaHuin, Mla;

RL — npegen BbIHOCMWBOCTY NPY CUMMETPUYHOM LUUKIE OCEBOr0 PacTXeHUA-CxXaTus Npu pacHeTHON
Temnepartype, Mla;

T - ;
Rpe — npegen I:IpOI'IOpLI,VIOHaJ'IbHOCTI/J npw pac4etHow Temnepatype, Mla; )
R, — YCNoBHbIN Npefen AnUTenbHOM NpoYHOCTM Matepuana npy pac4etHow Temneparype, Mlla;

Rf;ﬂ— MUHUManbHbLIA Npeden gnuTensHOW NPoYHOCTY 3a Bpems t npu Temnepatype T, MMMa;

RL— npegen nonsy4yecTy Npu pacyeTHoW Temnepatype, Mla;

S — HOMWHanbHas TOMWMHA CTEHKW, MM;

T — Ttemnepartypa, °C (K);

T, — Temnepartypa rugpoucneitanui, °C (K);

T, — Temnepatypa, Npu AOCTUKEHUN KOTOPOK HEOBXOAMMO y4YWTbIBaTb XapakTepPUCTUKL ANUTENbHON
MPOYHOCTM, NNAcTUYHOCTU U nonaydectu, °C (K);

Z — OTHOCMUTENLHOE CcyXeHue, %;

ZT — oTHOCUTENBHOE CyXeHUe NonepeyHoro ceveHus obpasua nocne paspbiBa NPy pacyeTHoN Temne-
patype, Mlla;

ZtT— YCIMOBHLIA Npefen ANUMTENBHOTO CTAaTUYECKOro CyXeHusa npu temnepatype T 3a Bpems £, %;

ZLr — YCMNOBHLIA Npefen paBHOMEPHOTO OTHOCUTENBHOIO CYXEHWUS! MOMEepeqHOro CeYeHus npu Onu-
TENMbLHOM CTaTUYeCKOM pa3pylieHun, %;

o — K03ahhULIMEHT NUHelHoro paclumupenus, K-1;

G — HanpsbkeHue, MlMa;

Cp— obwee n3rnbHoe HanpskeHue, MMMa;

O} — MecTHoe usrmbHoe Hanpsikenue, Mla;

G}, O}, O — HaMPsHKEHUE Ha rMaBHbIX Nnowankax i, , k, MMa;

Gy — obwee membpaHHoe HanpskeHue, MIa;

O, — MecTHoe membpaHHoe HanpsxeHue, Mla;

(0), — rpynna npuMBeAeHHbIX HaNpPsHKeHWi, onpeaenseMasi no CoCTaBnsoLWMUM 0BLWNX MeMBpPaHHbIX Ha-
NPSKEHWIA NPU MexaHu4Yecknx sozgencteusx, Mrla;

(0), — rpynna npuBedeHHbIX HANPsXeHWi, onpedensemas no COCTABMSOLMM OBLMX UMM MECTHBIX
mMemOpaHHbIX U 00LWKUX N3rMBHBIX HANpPsHKeHWd, AeACTBYOLWKMX B cedeHnn TBC npu mexaHndeckux Bosgen-
cteuax, MMMa;

(o), (O‘)U-, (6)jx: (0); — NpvBefieHHbIe HanpsikeHUsi 6e3 y4eTa KoHUeHTpauuu, MMa;

(0)max — MakcumarnbHoe npuseaeHHoe HanpsxeHune, MMa;

(o‘)R — pa3smax npuBedeHHbIX HanpsxxeHun, Mla;

(0,F) — amMnNnUTyaa yCrioBHbIX YNPYrux NpuBeOeHHbIX HanpskeHn, paccunTaHHas ¢ y4eToM Koaddu-
LWEHTa KOHLEHTPAL MW YCIOBHbLIX YNPYrux HanpsbkeHui, MlMa;

(0,F),, — @MnnuTyga MecTHOro YCIIOBHOMO YMpYroro NpuWBEOEHHOro HanpskeHus B Gonte (LWnunbke),
paccyMTaHHas c y4eTOM KOHLieHTpauuy HanpsbkeHuid B pesbbe, MMa;

(0,) — amMnnuTyaa npuBeAeHHbIX HanpPsHKeHUA C yHeTOM KoHueHTpauuv, MMa;

(op), (GF),-j, (csF)jk, (0F)jx — MECTHbIE YCMOBHbIE YNpYrue NpuBedeHHbIe HaNpPsKeHWs, paccUnTaHHble C
y4eToM KospuLneHTa KOHUEHTPAaLUW YCNOBHbIX YNPyrux Hanpsxedun, Mla;

(0F)max — MakcumMarnbHoe YCNoBHOE yrpyroe NpuBedeHHOe HanpsKeHne, paccynTaHHoe ¢ y4eToM Ko-
adpuUmMeHTa KOHLUEHTPaUNKN YCIOBHbIX YNPYrMX HanpsxeHun, Mla;

(o), (cs,_),;,-, (GL)jk, (6)jx — MeCTHble NpuBedeHHbIE HAaMPAXKEHUs, PacCcUMTaHHbIE C YYETOM TeopeTnye-
CKOro KoathduumeHTa KOHLEHTpaUumM HanpskeHni, MlMa;
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[6] — HOMMHanNbBHOE gonyckaemoe HanpsikeHue, MMa;

[6]™" — HomuHanbHoe OOonycKkaeMoe HanpsKeHue Npu TeMneparype rugpoucneitadui, Mla;

[6],, — HOMUHanNBHOE gonyckaemoe HanpsaxeHve B Gonte (wnunbke), MMa;

()3, (0)4,, — NPUBEOEHHBIE HANPAXEHUs B BonTax 1 wnunekax, MMa;

(¢ — KOIMDULMUEHT CHUKEHUS LIMKITMHYECKOW MPOYHOCTU CBAPHOTO COEAMHEHNS,

¢, — KO3MMDUUNEHT CHUKEHWUS MPOYHOCTM CBAPHOTO COEANHEHUS;

2 — KO3 PULUEHT CHUXKEHUST OMYCTUMOrO YMCNa LUKIOB MPpU HANOXEHWU BbICOKOYACTOTHLIX LIMKITOB;
A... — npupaLleHne nepemMeHHon.

4 OowmMe NonoxeHns

4.1 ObocHoBaHue npo4HocTn TBC cnegyeT NnpoBoAWTL B LenAxX NpefoTBpalleHWss peann3auumn cnegy-
HOLLMX NpefenbHbIX COCTOAHWNA:

a) KpaTKoBpeMeHHoe pa3spylueHue (be3 yyeTa BNUAHUS ANUTENBHOCTY HArpyXeHusl);

6) paspyLUeHne B yCNOBWSX MOM3Yy4YeCcT NPy CTaTUMECKOM HarpyX eHuu;

B) nnacTtuyeckas fgedopmMauus no BCEMY CEYEHUID KOMMNoHeHTa TBC;

r) BO3HWKHOBEHWE MaKpOTPELLUMHbl MNN MaKPOTPELUMH MPU LUKITUHECKOM HarpyeHuu (Mpy Hanuyuu
nonay4yecTtn unu 6es Hee);

) noteps yctonunsoct TBC B LIernom unm ee KOMNOHeHTa (Npu Hanu4uu nonsyyectn unu bes Hee);

€) HakonneHwe NpefernsLHO OoNYCTUMOR AedopMaLmu;

X) OOCTUXEHUE NpefenbHbIX U3MeHeHUI hopM U pa3MepoB;

1) 3apoXOeHne TPeLLMHBI MO MeXaHU3MY KOPPO3MOHHOIO pacTPeCcKUBaHUS.

MpoyHocTe TBC 3a paccmaTpvBaeMblid NEPUOL BPEMEHW cuuTaeTcs o6ecnevyeHHon, ecnn B TeHeHue
paccmaTpuBaEeMOro nepyuoaa BPeMEHW HU OHO U3 NPeAenbHbIX COCTOAHUIA BO BCEX NPEAYyCMOTPEHHbIX Mpo-
ekTom PY pexumax akcnnyartauuu, ¢ y4eTOM YCTaHOBIMEHHbIX 3anacoB NPOYHOCTM, HE AOCTUraeTcs.

4.2 B cnyyae ecnu Temnepatypa KomnoHeHTa TBC npu akcnnyatauuu, B TOM YUCME HA OTOENbHbIX
pexumax, Hmke T; TO pacyeT Ha MPOYHOCTb CrnedyeT NMPOBOAWTL MO NpeAenbHbIM cocTosiHMAM Ges yyeTa
XapakTepucTuK ANUTENbHON NMPOYHOCTM U TeMnepaTypHOW Monsyyectu metanna. Temnepatypy T, cnegyert
NPUHUMAaTbL B COOTBETCTBUM C JOKYMEHTaMM N0 CTaH4apTU3auun, CogepalnMm pacyeTHbIE XapakTepUCTUKN.

B cny4ae ecnu Temnepartypa komnoHeHTa TBC, B TOM YnCHe B OTAENbHbIX PeXMMaXx, paBHa MW NpeBbl-
liaet TemMnepatypy T, TO ero pacHeT Ha NPOYHOCTh B 3TUX pPeXnmax crnegyer NnpoBoanTb MO NpeaenbHbIM Co-
CTOAHUAM COrMacHo nepedncrieHnsam a)—u) 4.1, c ucnonb3oBaHMEM HE3ABUCUMbIX U 3aBUCUMLIX OT BPEMEHMU
XapaKkTepUCTUK NPOYHOCTU, MNACTUYHOCTH, a TaKKe Mon3y4yecTy.

CkopocTb paguauuoHHON Mon3y4YecT, pacnyxaHus U pagvaLMoHHOro pocTa (ana LUMPKOHWEeBLIX cnna-
BOB) ONPEeAensiT B 3aBMCMMOCTM OT NOBPEXAAtoLen f03bl U TeMNepaTypbl.

[onyckaeTcs He y4uTblBaTb BWSIHWME PagualMOHHOIO pacnyxaHus, ecrnv BenvdmHa csobogHoro pagu-
AaUWOHHOID pacnyxaHusl, pacCHMTaHHOrO MO KOHCEpPBaTMBHOW 3aBMCUMOCTK cornacHo MOCT P 59429—2021
(npunoxeHue A), Ha MOMEHT OKOHYaHMA Ha3HadeHHoro cpoka cnyxbel coctaBnset meHee 0,1 %. MNpu pac-
yeTe CROOOAHOIC paguaLMOHHONO pacnyxaHua UCNonb3yoT Haubonbline 3a HAa3HAYEHHLIN CPOK CryXBObl no-
BpeXatoLLy A03Y U TEMNepaTypy HEMTPOHHOTro 0bnydYeHunsa B komnoHeHTe TBC npu HY3.

XapakTepucTMKM MatepuaroB, KOTOpPbIE CrefyeT MCMOoNb30BaTb NpW ONpedeneHvuyd 3HadeHWd HOMU-
HarnbHbIX OONYCKaEMbIX HAMNPSIKEHWN:

- BpEMEHHOe CONPOTUBIEHUE;

- Nnpegen TEKYYecTu;

- Nnpegen AnuUTenbHOM NPOYHOCTH;

- Npegen nonsy4vyecTu (Npu orpaHudeH gedopmasnm).

YKazaHHble XapaKkTepUCTUKK, a TakKe Apyrie puanko-MexaHudeckue XapakTepucTUKX, UCMoNb3yemble
B HacTosleM cTaHaapTe (B TOM YUCne He nepedyucrieHHble B nyHkTe 13 [1]), cneayeT npyHUMaTh B COOTBET-
cTeBuK ¢ TpeboBaHuamK nyHkTa 13 [1].

4.3 NoBepoyHbIi pacuyeT TBC npoBogaT No UX HOMWHAIbHLIM pasmepam, 3a UCKMIOUYeHUEeM pacyeToB Ha
YCTOWYNBOCTb.

[Mpy NOBEpPOYHOM pacyeTe AOMKHb! ObITh YUTEHbLI BCE AENCTBYOLNE HA KOMIMOHEHT HArpPy3KM KU paccMo-
TPeHbl BCe PeXUMbl 3KCnnyaTauun.

4.4 ToBepoYHbIN pacyeT Npu CTAaTMYECKMX Harpy3kax AOMKeH BKI4YaTh B cebs:

a) pac4eT Ha CTaTU4YeCcKyto MPOYHOCT;

6) pacyeT Ha yCTONYMBOCTE;
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B) pacyeT Ha LMKITUYECKYH MPOYHOCTb W/UIMK ANUTENbHYIO LIMKMTMYECKY NPOYHOCTb NPW PacYeTHON TeM-
nepaType, paBHON Unu npesbilaowen T,

) pacyeT Ha COMPOTUBIEHWE XPYNKOMY (BA3KOXPYMKOMY) pa3pyLleHu (HectabunbHoe pa3BuTUe Tpe-
LUKHBI);

0) pacuyeT Ha ONUTENbHYI0 CTAaTUYECKYH NMPOYHOCTL;

€) pacyeT Ha nporpeccupytoliee nameHeHme opmMbl U pasmepos;

XK) pacyeT Ha HaKkonneHue BA3KonmacTuieckux (NnacTnyeckmnx) gedopmaumi.

4.5 lNpwu pacyeTe Ha cTaTUHECKYH MPOYHOCTbL NPKU BCEX 3HAYEHUHAX HArpysoK U TEMNEpPaTyp B pexmMmax
paboThl PY, pernaMmeHTUPOBaHHbIX MPOEKTOM, NPUBEAEHHbIE HAMPSKEHUA B KOMMOHEHTe He OOMKHbI NPeBbI-
WaTk JONYCKAEMbIX 3HAYEHWNIA, YCTAHOBMNEHHbIX HACTOSALWLMM CTAaHLAPTOM.

4.6 PacuyeT Ha yCTOWYMBOCTb CriedyeT NpOBOOAUTL ANSA NOATBEPXKAEHWUS TOr0, YTO 3HAYEHUS HArpyxato-
WKX PaKTOPOB He NPEBLILLIAKT OOMYCKAaEMbIX 3HAYEHUNA, YYUTLIBAKOLLMX ONACHOCTL NOTEPU rEOMETPUHECKON
YCTONYMBOCTH KOMMNOHeHTOB TBC no npeaenbHOMY COCTOSIHUKO COrMacHo nepedncnexuio g) 4.1.

4.7 Pac4eT Ha UMKITMYECKYHO NPOYHOCTL NPOBOAST HA OCHOBE aHamnv3a HanpsbkeHUWA C y4eTOM KOHLIEH-
TpauWn ¢ Lenbi UCKIHYEHUSA BO3HUKHOBEHWS TPELLWH B KOMMOHEHTE BCMNEACTBUE LIMKITUYECKOrO HArPYXXeHMS.

[onyckaemble aMnNNUTyabl HANPSKEHWIA ONSA 3a4aHHbIX YMCEN LIMKINOB, BpEMEHW W TemnepaTypbl 3KC-
nnyaTauny onpenensitoT UCXOOsa U3 XapaKTepUCTUK CONPOTUBINEHUS YCTAaNOCTHOMY pa3pyLUEeHUWI0, 3aBUCSLLNX
B obLwem cny4ae OoT TeMnepaTypbl, BpEMeHW, BNUAHWUA paboyein cpedbl 1 HENTPOHHOTO 0bnyYeHus, ¢ BBede-
H1eM KO3 ULMEHTOB 3anaca NMPOYHOCTU MO YMUCIY LMKMOB U MO HaNpsXKeHUsM.

B pesynbtate pacyeta Ha UMKMIWMYECKYID MPOYHOCTb (ONUTENbHY LIMKNUYECKY MPOYHOCTL) onpege-
NAT gonyckaemoe YMCcno NoBTOPeHUn pexnmor paboTel PY npu akcnnyataumm ans 3agaHHbIX MOBTOPHBIX
3KCNNyaTauWOHHbIX TEMMEPAaTYPHLIX U MEXAHUYECKUX HAarpy3oK Unu JonycKkaeMele TeMNepaTypHbIe U MEXaHUW-
YecKue Harpy3ku 4N 3afaHHbIX YUCcen NOBTOpPeHUn pexumor paboTtel PY npu skcnnyatauuu.

4.8 lNMpw oueHKe LMKNMYEeCKOW NPOYHOCTU 3a Npejenamun ynpyroctv UCNonb3ylT YCNOBHOE YNpYyroe Ha-
npsbkeHne. 3To HanpsiKeHMe OOMKHO DbiTb PABHO NMPOM3BEAESHWUI0 YyNpyronnacTuiyeckoin gedopmaunm B pac-
cMaTpUBaEMOM TOYKE Ha MOAYIb YNPYrocTu.

4.9 PacuyeT Ha cONpOTUBMNEHUE HECTAabUNBHOMY POCTY TPeLUUHbl creayeT NPOBOAMTL HA OCHOBE COMO-
cTaBneHusa KoadduUUMEeHTa UHTEHCUMBHOCTU HaMNPSKEHUA C KPUTUYECKMM 3HAYEeHWEM B LensaxX MCKNYeHus
BO3MOXHOCTU XPYTKOTO (BA3KOXPYMNKOro) paspyLlleHus (HecTabunsHoro pasBuTust TpeLMHbI).

4.10 MNpu pacyeTe Ha ANUTENBHYI CTATMYECKYID MPOYHOCTb MPW BCEX 3HAYEHWUSIX Harpy3ok npu Tem-
nepaTypax, paBHbIX UMK Bblle T, HaNpskeHUa B KoMnoHeHTe TBC He AOMKHLI MpeBbILaTh AONYCKaeMbie
3Ha4YeHus.

[onyckaemoe HanpsiKeHWe oNpefensoT UCXOAA U3 XapaKTepPUCTUK ANUTENbHON NPOYHOCTH, 3aBUCALLINX
OT TemMnNepaTtypbl ¥ ONMUTENLHOCTH HArpyXeHus, ¢ BBegeHWeM KoapurumneHTa 3anaca NpoYHOCTH.

4.11 Pac4eT Ha nporpeccupymLlee nameHeHne opMbl U pa3MepoB NPOBOAAT HA OCHOBE aHanu3a Ha-
NPsKEHHO-A2(OPMUPOBAHHOMO COCTOAHUSA C LEenbi HeJoNyLeHWs HaKonneHnsa nnactTuyeckon gedopmMalmm
CBbLILLE YCTAHOBIEHHbIX Npeaenos M0 UCKITHYeHUs HEAONMYCTUMBIX OCTaTOYHbLIX M3MEeHeHWI hopMbl U pas-
MepOB KOMMOHEHTa MpKn sKcnnyaTauunu.

[onyckaemble n3MeHeHUs1 (POpPMbI M pasMepoB, BKIMHOYasa Npornbel, B pe3ynsrarte npouecca HaKonmneHus
HeoBpaTUMbIX NNacTUYecknx AedopmMauunii AOMKHbI BbITh YCTAHOBNEHLI MPOEKTHOW (KOHCTPYKTOPCKOW) OpraHu-
3auUMen B KaxX40M KOHKPETHOM Cly4yae C y4eTOM HazHaYeHUs U ycnoBui paboTbl 3NeMeHTOB akTUBHOW 30HbI.

4.12 PacyeT TBC Ha AnHamMM4eckne Bo3aeACcTBUA M BUOPONPOYHOCTL NPOBOAAT NPU COBMECTHOM Aei-
CTBMW CTATUYECKUX U MHAMMYECKMX Harpy3ok B cooTBeTcTBum ¢ FTOCT P 70429,

4.13 MNpuBeOeHHOe HanpsiKeHWe, CONocTaBngemMoe ¢ AonyckaeMblMi 3HaYeHUAMUW, ONpefensoT no Te-
opvKn HaubonbLIKX KacaTenbHbIX HANPSXKEHUIA Tpecka unu aHepreTudyeckon Teopun Museca, 3a UCKMIOYEHNEM
pacdeTa Ha COMPOTWMBIIEHWE pa3pYLUEHWIO, KOrA4a NPUBEAEHHLIE HATMPSXKEHWUA ONpenenstoT No TEOPUM Hau-
SonbLKUX HOpManbHBIX HANPSXKEHWNA.

4.14 Tony4eHHble B pe3ynsTate MOBEPOYHOTO pacyeTa AaHHblie (HampshKeHWs, Yucna LMKIoB, Bpems
HarpyxeHus, Harpysku, gedopmauny unu nepeMeLleHns) cnegyer ConocTaBnAaTe C COOTBETCTBYHOLMMN 40~
nycKaembIMK 3HAYEHWSIMU, 3aBUCSLLUMK OT pexnma paboTel M KaTeropvMu eiCTBYOLWMX HanpspKeHUI.

4.15 BnuaHwe pabouunx cpen crnefyeT y4yuThiBaTh B COOTBETCTBUMK C [1].

4.16 BnusaHue obnydyeHUs Ha U3MEHEHMWE XapaKTePUCTWMK MNacTUYHOCTW, COMPOTUBIIEHUSA XPYTKOMY,
YyCTanoCcTHOMY, ANUTENBHOMY CTaTUYECKOMY Pa3pyLUEHWNIO U MON3y4YecTy CNeayeT y4uTbiBaTh NPy NpoBeaeHUM
COOTBETCTBYHLLNX PACYETOR C UCMOMb30BaHMEM 3TUX XapakTepucTuK.

4.17 oBepoYyHbIK pacyeT Npu CTaTUYECKUX BO3OEWNCTBUAX NPOBOOAT C YYETOM BCEX PACYETHbIX Harpy-
30K W BCEX paCHETHbIX PEXUMOB NMPKU 3KCNyaTaLmnm.
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4.18 OcHOBHbIe pacyeTHble HarpyxatwllMe akTopbl JOMKHbI BKAKYaTh (MpWM Hanu4um):

- BECOBYH Harpysky;

- aBneHue (BHYTPEHHEE U BHELLHEE);

- TemMnepaTypHble BO3eNCTBUS;

- paguaLMOHHBIA POCT BCNeACTBME 0Bny4veHua (N9 LMPKOHUEBLIX CNINABOB);

- pacnyxaHwe BcrneacTsmMe obnyvyeHus;

- BbITArKWBaLWLYy0 CUMY OT TENSIOHOCUTENS;

- NepeMeLleHus], Bbi3aBaHHbIE (DOPMON3MEHEHNEM COMPSKEHHbBIX 3NeMEHTOB aKTUBHOW 30HbI;

- Harpy3KuW Npu 3arpy3ke U BbIFPY3Ke aKTUBHOM 30HbI.

4.19 Mpwu NnpoBeAeHNN NOBEPOYHOrO pacyeTa BCe HaNpPsiKeHWsA B KOMMOHEHTe pa3fgensoT Ha KaTeropuu.
HanpsikeHunsa, oTHOCALMECS K Pa3nMYHbIM KaTeropusiM, AOMKHb! ObiTe 06beanHeHb! B rpynnbl KATEropuin Ha-
MPSXKEHUA.

4.20 JonyckaeTca npoBefeHue pasfernbHbiX NOBEPO4HbLIX PacyeToB COMPSKEHHbIX KOMNoHeHToB TBC
npw ycnoeum 0ba3aTenbHOro y4eTa ux B3anMogencTBus.

5 HoMuHanbHbIE AonyCKaeMble HanpAXXeHWnA

5.1 HoMuHanbHOe JonyckaeMoe HanpsikeHue [6] cnedyeT onpefensTb Mo YCTaHOBMNEHHbIM B HACTOSA-
LeM pasgene xapakTepucTvkam matepuana npu cooTBETCTBYHLLEN TeMnepaTtype.
5.2 HommHanksHoe gonyckaemoe HanpshxeHue [G] B KOMNOHEHTax C TemnepaTypoit Hike T, crieayeT Bbl-
T T
HUCMSATH MO YCIIOBHOMY NPeAeny Teky4ectn Ry, o U1 BPEMEHHOMY COMpOTUBMEHNIO Ry, no (hopmyne

T T
R R

[o] = min| —22; Zm | (5.1)
Mg2 Ny

rae ng, = 1,5, n,, = 2,6.
[ns KOMNOHEHTOB C TeMNepaTypon, paBHON UMK Bbilwe T, 3HaYeHue [c] crneayeT BbIMUCNATE MO YCIOB-
T T ~ T
HOMY npefeny TeKky4ecTu RpO,Z' BPEMEHHOMY COMpoTUBREHUID R, wvnpe,.qeny ANUTENBHOM NPOYHOCTU Ry,
OIS BPEMEHW HarpyeHus f, paBHOro BpeMeHW 3KkcnnyaTauumn Npyu aTon TeMneparType.
HomuHanbHoe fonyckaemoe HanpsxeHue B KOMMOHEHTax C TeMrnepaTypon, paBHoW Unn eeiwe T, cre-
OyeT BblUUCnATL No dhopMyrne

i
Rpoz . RL . R

[6] = min 1 (5.2)
Moz Nm Ny
a aAns LMPKOHWEBLIX CMNaBoB no opmyrne
T T
. | Rpo2 . R
[6] = min L; B 5 (5.3)
Mgz Nmy

rae ng o = 1.5, n,=26;n.,,=15.

5.3 MNpu Temnepatypax, paBHbIX UMW Npeesblwanwmx T, 1 3a4aHHOM orpaHuYeHun aedopmauum non-
3y4ecTu 3a Bpems [ KOMNOHEHTbI CneayeT Bbl4MCNATh NO Npeaeny nonsyvyectu R;. KoadhpumumeHT 3anaca no
npegeny nona3y4Yecty cnegyet NpMHUMAaTh paBHbIM e4VHULE.

5.4 Tpwu TemnepaTypax, paBHbIX UMK NpeBbILALWLKX T, UNK B TEX cnyyasx, korga akcnnyatauua TBC
BKIKOYaET ABa U DOMee pexuMOB Harpy>KeHus, oTNU4YalLLMXcsa No TeMnepaType UMu Harpyske, OCHOBHbIE
pazmepbl JOIMKHbI YAOBMNETBOPATL CNEeAytoLeMy YCIOBUIO MPOYHOCTU MO HAKOMMNEHHOMY AMUTENBLHOMY CTaTu-
YeCcKOMY MOBPEXAEHUHO:

— <1, 54
z o (5.4)

rae t; — NPOAOIMKUTENBHOCTb PaboThbl HA i-M PEXUME HarpyxeHus, c;
[f]; — nonyckaemoe BpemMs HarpyxeHus, onpefensiemMoe no KpUBbIM ANUTENLHOM NPOYHOCTU KaK BpeMms,
COOTBETCTBYIOLUEE HaNPSKEHWIO, PABHOMY N, - G, e G, — obliee MeMOpaHHoe HanpshxeHue
B KOMMOHEHTE Ha i-M PeXUME HarpyxeHus, c.

mi
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6 Knaccudukauma HanpsKkeHUN

6.1 MNpu NpoBegeH NOBEPOYHOrO pacyeTa UCTIONb3YIOT CreayrLLMe OCHOBHbLIE KAaTeropun HanpshKeHWi:

- G, — 0blmMe MembpaHHbIe HanpsHKeHus;

- G, — MECTHbIE MEMBpaHHLIE HaNPsXeHUs,

- G, — 06uKne N3rubHble HanpsaXeHus;

- G — MECTHbIE M3rUOHLIE HAMPSXKEHUS;

- 61— oblune TemnepaTypHbie HanpPsHKeHus;

- G, — MECTHbIe TeMnepaTypHble HanpskeHns,

- G5y — OBLMe HanpshKeHMsA, BbI3BaHHbIE pacnyxaHuem U (Mnu) pagnaunoHHbIM POCTOM (A8 LUMPKo-
HWEBbLIX CMIIaBOB);

- Ggyy — MECTHbIE HaMPSXKEHUS, BbI3BAHHLIE pacryxaHueM u (Mnv) paanauuoHHbLIM POCTOM (AN Lup-
KOHWEBLIX CMJ1aBOB).

6.2 HanpskeHUsiMK, OTHOCALLUMMKCS K KaTeropun oBLUUX MeMOpaHHbIX HanpsHKeHWn, B TOM Y1Ccne ABns-
IOTCA CpefHWe HAMpPsKeHUs PacTSXeHWs (UMW CXaTusA) No TOMWMWHE CTEHKW LUNWHOPUYECKON 0B0onoYku, Bbli-
3bIBaEMbIE AENCTEMEM BHYTPEHHETD UMM HApY»XHOrO AaBneHus), nbo Gankv nog OencTBUEM OCEBOI Harpy3ku.

6.3 HanpsykeHnamMu, OTHOCALLMMUCSH K KaTeropuv MecTHbIX MeMBpaHHbIX HanpsKeHWd, B TOM 4yuchne
ABMATCA:

- MemMBOpaHHbIe HanpPsHKeHNsA OT MeXaHWYeCKUX Harpy3oK B 30HaX coeguHeHus oboroYek U NNacTuH;

- MeMOpaHHbIe HanNpsKeHUsa OT MexXaHWYEeCcKUX Harpys3ok B 30Hax npucoeauHeHus kapkaca TBC k pe-
weTtkam TBC.

6.4 HanpshkeHusAMKU, OTHOCSLUMMWUCA K KaTeropum obLWmMX M3rMOHbIX HaNpPspKeHW, B TOM YUCTe SIBMNSTCA
HanpsxeHus n3rnba, Boi3biBaemble eiCTBMEM BHELUHUX CUIT U MOMEHTOB, AeACTBYIOLLMX Ha KOMMOHEHT B Lierom.

6.5 Hanps:KeHnsMKn, OTHOCALLMMWUCSA K KaTeropuMm MeCTHbIX U3rMOHbIX HanpsKeHWH, B TOM Yucne ABns-
I0TCA HanpsaXeHna narnba, Bbl3aBaHHble OENCTBMEM AaBMNEeHUs B 30HaX COeAUHEHUS Pas3nnYHbIX KOMMNOHEHTOB
(B TOM Yncne nNnacTuHbl U UMNUHApuYeckas obevainka kapkaca TBC v pewetkun TBC);

6.6 HanpseHuaAMMN, OTHOCALLMMUCA K KaTeropuMm obLmMx TeMNepaTypHbIX HaNpsKeHWn, B TOM Jyucne
ABMSATCA:

a) HanpsPKeHWs], Bbl3biBaeMble OCeBbIM Nepenagom Temnepartyp B obevaiike;

0) NMHelHas YacTb HanpsKeHWA B 30HaX COegMHEeHWA KOMNoHeHTOB TBC ¢ pasnnyHbIMKN XeCTKOCTSAMMU;

B) HanpshKeHWsl, Bbi3blBaeMble NepenagoM TemnepaTyp Mo TOMWMWHE NIOCKUX NIacTuH, HanpuMep pe-
weTok TBC;

r) HANpPsKEHUs B CTbIKOBLIX COEAWHEHUAX UWMNMHAPMYECKMX obevaek, BbINOMHAEMbIX U3 pasHOPOOHbLIX
MaTepuanos.

6.7 HanpshkeHusMM, OTHOCALUMMMCS K KaTeropMm MeCcTHbIX TeMnepaTypHbIX HanpsKeHW, B TOM Ynucne
ABMATCA:

- HanNpsKeHus B LEeHTpanbHOM YacTy ANUHHBIX LUNMHOPUYECKMX 0BONoYeK, Bbi3biBaeMble Nepenanom
TeMneparyp no TOMWKWHE CTEHKK, 32 UCKNOYEHUEM NMHENHON COCTaBMAOLWEN HanpsKeHWH, yka3aHHOW B ne-
peducneHun B) 6.6;

- HanpsKeHUs B OMMEeTannM4ecknx KOMMNOHEHTaX, Bbi3BaHHbIE Pa3HOCTbI0 KO3MMULMEHTOB NUHENHOro
pacLUMpPeHna MaTepmanos.

6.8 HanpseHnsMKn, OTHOCSLLUMMWUCS K KATETOPUU MECTHbIX HAMPsKEHWA B 30HAX KOHLEHTPaLUWUKU, B TOM
4Yucne ABNAKTCSA HanpshKeHWsA B 30HaX OTBEPCTWUW, rantenei, pe3bd oT TEMMOBLIX U MEXaHUYECKWX YCUITW,
onpeaensiemble ¢ y4eToM Ko3(hPULWEHTA KOHLEHTPaL UKW HanpsxXeHWiA.

6.9 MNpu npoBegeHnK NOBEPOYHOro pacyeTa onpefensitoT HanpsKeHNsa KaXKaon pacyeTHOW rpynnbl kaTte-
FOPWIA HANPSKEHWA, MO KOTOPLIM ONpPeaensioT NpUBeaeHHbIE HanpPsKEHWs, CONOCTABMNAEMbIE C COOTBETCTBY-
O MMK ONYCKAEeMbIMW HanpsKeHNAMMN,

6.10 Ha ocHoBaHMKM aHanusa AeACTBYIOLMX Harpy3oK U TemnepaTypHbIX nonei cneqyeT Boibpate Hau-
©onee HanpspkeHHble obnactv TBC, npuyem Ons pasnu4HbIX pacyeTHbIX criyqaeB aTh obnactu mMoryT 6biTb
pPasnu4YHbIMM.

6.11 MpuMepbl UCNONb3YEMbIX NPU pacyHeTax Ha CTaTUYECKYIO W LMKNUYECKY0 NPOYHOCTE MPYNn KaTero-
PUIA HaNPsKeHWn 1 X 0003Ha4YeHUs NMPUMEHUTENBHO K pasnuYHbIM TUNaMm KkoMmnoHeHToB TBC npuBeaeHbl B
Tabnuue 6.1, a Ans paccyMTeiBaeMbix 30H — B Tabnuue 6.2.
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7 MNMopapok onpeaeneHnsa HanpsXXeHUn

7.1 TpeboBaHMA K NOPAAKY onpegeneHUA HanpsKeHUN

7.1.1 Ha ocHoBe aHanusa ycrnoBWMiA BBOAA B 3KCMMyaTauulo peakTopa u akcnnyaTtauun TBC gomkHa
ObITb yCTaHOBMNEHa NPOEKTHast NoCnefoBaTENbHOCTL BO BPpEMEHM PEXUMOB HarpyxxeHus TBC, Bkmwoyasa pe-
XUMbl HApYLUEHWS HOPMarbHOW 3KCcnnyaTauuu.

7.1.2 [Ina npyHATON NOCnefoBaTeENbLHOCTU PEXMMORB HarpyXeHusi pacdetTaMu B NpennonoXeHuu ynpy-
roro nNoBefeHWs Matepuana onpegenstoT HanpsKkeHHo-4eopMUPOBAHHOE COCTOSIHWUE B OMaCHbIX CeYeHusx
komnoHeHTOB TBC.

7.1.3 JomxkHo BbITh ONpedeneHo aHanuanpyemoe pacyeTHoe ceveHune HanpskeHuid CI. Cnenyet npo-
BoauTh Cl1 4epes 30Hy, rae oxuaaeTcs NepBoe NosBNeHWe nnacTtuyeckux aedpopmayunin. B cnydae ecnu Kom-
MOHEHT NpeacTaBnsaeT cobor LUNMHApPMYeckyo 0B0NoYKy, TO cedeHne cnegyet NPOBOANTEL NepPNeHANKYNAPHO
K cpegyHHON noBepxHocTu obono4kn. B nHom cnydae CI1 cnegyeT BbiBupaTh NepneHauKynapHO K OOQHOW U3
BHELLUHWX NOBEPXHOCTEM.

7.1.4 HanpspkeHHOe cocTosiHWe B Kaxkaow Touke Cl1 xapakTepusyeTcs TEH30pOM HanpsiKeHui {c}.

7.1.5 JedopmurpoBaHHoOe cOCToAHWE B Kaxaol Toduke Cl xapakTtepuayeTcsa TeH30poM AedopManuia {€}.

7.1.6 B cnyuae ecnu CI nnockoe, To Hanpsi:)KeHHOe COCTOSIHWE B KaXJ0W TOUKe CeYeHUs cneayert npeacra-
BWUTb KaK CYMMY TEH30POB CPEOHMX, U3MMBHbLIX U HENMMHENHBIX COCTaBNAOWNX HANpshkeHun {6, + 6, + o). Mpm
3TOM BEMNMUYUMHBLI @ U b, XapaKkTepuayoLline MeMBpaHHY 1 M3rnbHy COCTaBNSOLME HAaNPSKEeHWA, ABMNATCS
NOCTOAHHLIMUW s Bcex Tovek Cll:

O(m+byap = @X + b, (7.1)

rae an b — koadhdUUMEHTbI, XapakTepuayLwmne U3rnbHy 1 MemBpaHHyo COCTaBNAKLWNE;
X — paccTosiHME OT LieHTpanbHOM 0CW, OTHOCUTENBHO KOTOPOM NpoMcxXoauT obLmin narné CIT;
o, B — MHOEKChl, MPUHUMAIOLWME 3HAYEHWA X, ¥ U Z MpPW WMCMONb30BAHWM OPTOroOHaNLHOW CUCTEMbI
KOOpOWHar.
TeH30p cpedHNX HanpsXeHu {G,,} — TeH30p, KOMMOHEHTbI KOTOPOTO MOCTOAHHbI U PABHbI

1
Omap =b= Zj O pdA, (7.2)
A
roe A — nnowagb CI1.

TEH30p M3rnbHbIX HaI'IpH)KEHMﬁI {Gb} — TEH30p, KOMMOHEHTbl KOTOPOro NWHENHO N3MEHSAKTCA Mo ceve-
HUK U PaBHbI

X
Opop = aX = Tjdaﬂdi, (7.3)
A
rme [ = szdA — MOMEeHT UHepuun ClM OTHOCUTENBHO LEeHTPanbHON OCK.

A

TeH30p HENMUHENHbIX HanpPsHKeHW {G,,} ONPeensKT Kak TeH30P, KOMMOHEHTLI KOTOPOTo paBHblI pasHo-
CTU COCTaBNAWMX TEH30pOB {c} 1 {5, + G}

7.1.7 B cny4ae ecnu CI1 npov3BonbHOro BMaa, T0 B CeHeHWM AomkeH bbiTb onpegened Habop JIM. T
cnegyet NpoBOOUTb Yepe3 CTEHKY KOMMOHEHTA NeprneHaMKYNAPHO K BHYTPEHHER, BHELIHEN UMK CpeauHHON
NOBEpPXHOCTW KOMMNOHeHTa. Buibop Il npuBeaeH Ha pucyHke 7.1.

HanpsxeHHoe cocTosHue {G} B kaxgon To4ke Ha J1I1 npeacrtaenserca (CM. pUCYHOK 7.2) Kak CyMMa TeH-
30POB CPEAHMX, M3MMOHBIX U HENIMHENHbIX COCTABMALUMX HANPSKEHWA {G,, + 6, + o} pu aTom membBpaH-
Haa 1 M3rMbHaa cocTaBnaALWME HANPSXKEHUA NOCTOAHHLI ANA Bcex Todek J:

S(m+byag = @X + b, (7.4)
rme anb — KoadhdULMEHTBI, XapakTepuaytoLimne U3rnbHy 1 MemBpaHHyo COCTaBNSALLNE;

X — paccTosiHMe OT CPeAUHHOM NOBEPXHOCTU A0 paccmatpuBaemoi Touku Ha ST,
TeH3op cpeaHWX HanpseHui {G,,} — TEH30p, KOMNOHEHTLI KOTOPOro NOCTOSAHHbLI 11 PaBHbI

+5/2
Cmop = b= _[ G(xE»dX, (7.5)
S
—-s/2
rae § — TonuwnHa CTeHKM B MecTe npoBedeHnaA Jr.
1"
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NuHuA npreeeHnsA

CeueHue npvBedeHns

NuHuA npreeneHnA

'\_\

PucyHok 7.1 — lMyTn nHTerpupoBaHus no TorwyHe KOMMNOHEHTa

TEHSOP U3rMBHbIX HaﬂpFI)KE.‘HMI?I {Gb} — TEeH30p, KOMMNOHEHTBLI KOTOPOTO TIMHENHO M3MEHSIOTCS Mo ceve-
HWK U paBHbI

X+sl2
Opup = aX = —5- j Ggpxdx, (7.6)
8 s

rae X — paccTtoAaHWe OT TOYKK Ha n go CDE,D,HHHOI?I NMOBEPXHOCTH.
Ha BHyTPEHHEﬁ n Hapy}KHOﬁ NMOBEPXHOCTU CTEHOK n3rnbHole HanpsxeHnd NnpuHUMakT 3Ha4YeHnA

Gb o = i—2 J GCLB x dx . (77)

%

CocraBnsiowne TeHsopa {G,,} cneayet BbIYUCNATL Mo hopmyne

Oy ap = 00[[3 - (Gm aB ¥ Gy GB)' (7.8)
12
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s/2 s/2

1 — KOMMOHEHT TEH30pa HanpsbKeHwid; 2 — uarnbHaa coCTaBnALLAas KOMMOHEHTA TeH30pa HanpskeHun; 3 — membpaHHas cocTaensoLlan
KOMMOHEHTa TeH30pa HanpsXeHWiA; 4 — NYHWA NpUBeaeHUs

PucyHoK 7.2 — PasgeneHune HanpsKeHW Ha CPedHor, M3rnbHy 1 HEMWHEMHYK COCTaBnALne

JedopmupoBaHHoe cocTosiHME {€} B KaxOoW To4ke, nexatlen Ha JIM, nogobHO HanpsiKeHHOMY COCTO-
SAHUWI0, TaKke MOXeT ObiTb NpeaCcTaBNeHo Kak CyMMa cpefHuX, M3rMbHbIX U HEMMHENHBIX COCTARMSALLMX Oe-
hopmaumi g, a8t Ebap * Enrap Mpy 3TOM BENUYMHEI, XapakTepuayrLime MemopaHHyo U n3armbHyo cocTas-
nsawwmre gedopmaimni, NOCTOAHHBLI Ang Bcex Todek J111

£(m+b) ap =ax+ b, (79)

roe an b — koadhUUKMEHTBI, XapakTepuayLmMe U3rMbHy 1 MeMBbpaHHY COCTaBnsALINE;
X — paccTosiHMe OT CpeaMHHOW NOBEPXHOCTM 40 paccMaTpyuBaeMon ToYKK, nexawen Ha JIl.
CpepHue (MemBpaHHble) cocTaBnsawwme gedopMaunii NOCTOSAHHbI Ans Bcex Todek N1 v paBHbI
+5/2
Emop =b== | eqgax, (7.10)
S
-s/2

roe s — anuda JIl.
Ha koHuax M n3rnbHble gedopmMaunmn NPUHUMAKT 3Ha4YeHUs

6 +s/2
€b ap =is—2 _['Qsaﬁxdx. (7.11)
-8

KOMMNOHEeHTbl TEH30POB HaNpsKeHun cnepgyert anrerawqecxm CyMMMpoOBaThL C nocneaywwnm onpene-
NeHnem cpegHux, cpeaHux nnkc M3rNBHBIX, CYyMMapHbIX (B TOM 4YMucne C y4eTom KOHLI,EHTDaLI,I/I]/I) npuBegeH-
HbIX HAaNpsXeHUn B COOTBETCTBYHLLUME MOMEHTLI BpEMEHW B COOTBETCTBUKN C onpegensaeMon Kateropuen unu
FDyI'II'IOﬂ KaTteropum HanpsxkeHnd ang I'IOCJ'IE,ELyPOLLIeF‘I NPOBEPKK NMPOYHOCTK NO COOTBETCTBYHLWMUM OONYyCKae-
MbIM HanpsaXxeHuam.

7.2 PacyeT NpuBefeHHbIX HaNpPsKeHUW ¢ UCMONb30BaHUEM TEOPUM MaKCUMAarbHbIX KacaTenbHbIX
HanpsXeHUW Tpecka

7.2.1 3HaYeHUs MMaBHbLIX HaNpsHKeHWA ONpeaensoT Mo LWeCcTX COCTaBMALWMM TeH30pa HanpsKeHWi
{o,, + ©),}. Hanbonbliemy 3a BCIO UCTOPUIO HArpyXeHUs IMaBHOMY HanpsiKeHUIo NPUCBaUBaIOT MHAEKC /, BYM
APYTMM MpU TOM K& MOMEHTE BPEMEHU — WHOEKCHI j U K (6; 2 G; 2 6,). COOTBETCTBYIOLWME JAHHOMY MOMEHTY

J
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BpeMeHW NnoLlagkn cnegyet cHMTaTh 3addMKCUPOBaHHbBIMW A5S BCEW UCTOPUK HarpyxeHus. [na Bcex gpyrux
MOMEHTOB BPEMEHU [MaBHble HAaNPsKEeHWUs YCNOBHO cnedyeT OTHOCUTL K 3apUKCMpPOBaHHLIM Nnowaakam /, f
1 k cnegyrolwnm 06pazoM — 3HAYEHUA TMaBHbIX HANPAXEHWA JOMKHbI ObiTb COOTBETCTBEHHO OTHECEHDI K TEM
nnowanKkam i, j U k, KoTopble HakNOHeHbI K pearnbHbIM rMaBHbIM Nrowangkam nog HaMMeHbLWUM YoM,

7.2.2 Ha BblibpaHHbIX 3athMKCUPOBAHHbLIX MMaBHbLIX NMowWankax ansa Bceil NpUHATON NocnefoBaTenbHO-
CTV PEXMMOB HarpyxeHus onpeaensioT 3aBUCMMOCTY M3MEHEHUS MMaBHbIX HANPSKEHUA o), 0}, Gy NS TeH3o-
POB HanpmKeHw {G,,, + 6} M {G,, + G, + o}

Hapsiay ¢ npsMbiM METOLOM pacyeTa C YH4EeTOM KOHLEHTPaLUy HanpsiKeHWiA, AOMKHbI ObiTb paccymTaHbl
3HAYEHWsI KOMMOHEHT TeH30pa HanpPsKeHU {G,, + G, + O} Ha OCHOBAHWUN KOMMOHEHT TEH30pa HanpsXKeHUN
{6, + Op} M KOIPDHULNEHTOB KOHLIEHTPALUM HAMPSKEHWIA.

7.2.3 3HaueHua NpuBeAEHHbIX HAMPSXKEHWI (G) onpenensawoT 4N MOMEHTOB BPEMEHU iy loy vy Epsunnyy,
B KOTOPbIX yBenuyeHne/ymeHblueHne abconioTHOrO 3HavyeHust niboro M3 rmasHbIX HanpsKeHW CMeHAeTcs
ero yMmeHblUeHneM/yBenmyieHmem, no opmynam:

- MECTHbIE NPVUBEAEHHbLIE HanpsxeHna 6e3 yyeTa KOHLEHTpaLUnmn Ansa MoMeHTa epemenn £, Mna

(0)j) = 0i)— (7.12)

(0)iks = 0j;— O; (7.13)

()ik, = Ojy= O p (7.14)
rA€ Gjj, Oj) ) — [MABHbIE HANPSIKEHNS TEH30PA HANPsKeHUN {G, + G} AN MOMeHTa Bpemenu f, MMMa;

- MECTHbIE NPUBEAEHHbIE HANPSXKEHWUA MO YNPYroMy pacdeTy C YYEeTOM KOHLUEHTpauMn HanpsKeHuin ans
MOMeHTa BpemeHu t, Mna

(Gp)ijs = OLiy— Oujs (7.15)
(0L )ik = OLjy— Ok (7.16)
(S )ik = OLij— Ok (7.17)
raoe GLr’,I’ GLf,f‘ GLk,n' — [MaBHble HanpAaXeHWA TeH30pa Hal‘lpﬂ}KEHVIﬁ {Gm +* Gb + an) ana MOMeHTa BpeMeHn t[’

MMa.

nA Ha4anbHOro N KOHEYHOro MOMEHTOB BpeMeHW G6; = G; = G, = U MNKW paBHbl NOCTOAHHbLIM HanpAa-
t1 tm i gl k 0
HKEeHnAam, B TOM HYMCne OT Beca I MOHTaXXHOro HatAara.
ity Ha4vyeHue npuBegeHHoro HanpaxXeHuda OgnAa onpegeneHna (o n (G), cnegyetr BbIHMCNATL MO
7.24 3 : ’
cdopmyne
((5)1,2 = maX(l(G)fj’maxl;l(G jk,maxl;’(c)fk,maxl)s (718)
A8(S)maxe (icmaxs (ODkmax — anrebpanyeckn MakcuMarnbHble MPUBE[AEHHbIE HanpsxeHus [Ons Bcew

NCTOPUN M3MEHEHWSA MPUBEAEHHbIX HAMpsXKEHW ONsi paccmaTpuBaeMoro
pexuma HarpyxeHus, Mla.

Ans onpefenexus (G), cneayeT UCMOMb30BaTh 3aBUCUMOCTb M3MEHEHUS! INaBHbIX HaNpsikeHUi G, G, O
ANA TeH3opa HanpshkeHun {c_}, a ana (o), — TeHsopa (o, + o4}
7.2.5 Pazmax HanpsikeHuit (G)z crneayeT BulYMCAATL C YYETOM BCEI UCTOPUM M3MEHEHUS NPUBEOEHHbIX
HanpskeHWi, kak Hamborbluee 13 creayoLnX 3HAYEHWI:
(G)r'j,max =(9)jjmin
(0)g = Max4(0) jk max = () jkmin | - (7.19)
(G)ik,max - (G)fk,min

rae (S) min (O mine (ikgmin — anrebpanyeckn MMHUManbHbIE MpvBeAeHHbIe HANPsHKeHNA ANs BCeR UCTO-
PUKM M3MEHEHUA NPWBEAEHHbIX HanpsixeHuin, MMa.

7.3 Pac4eT npnBeAeHHbIX Hanpﬂ)KEHHﬁ C Ucnonb3oBaHUEM SHEDFETMHBCKOﬁ Teopun Museca

7.3.1 3HaueHve NpuUBELEeHHOTO HanpshkeHus Ansa onpeaeneHns (o), v (c), criegyer BbIYUCNATL MO
dopmyne

1 2 2 > 2 2 . 2
(o)= E\](cx -0, )" +(0x —0;) +(0), —0;)" +6(0)y, + 0%, +0);) . (7.20)
14
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Ana onpefeneHns (c); creayet UCMONb30BaTb 3@BUCUMOCTb M3MEHEHUSI COCTaBMAIOLMX HaNPSHKEHWA
TeHsopa {c,,}, a Ana (o), cnegyeT UCMONbL30BaTh 3aBUCUMOCTb M3MEHEHUA COCTABNALNX HANPAXKEHUA TeH-
3opa {o,, + o}

7.3.2 [Ina onpegeneHnsa 3Ha4YeHW pasMaxa MECTHbIX YCIOBHbIX YNPYrux npuBefeHHbIX HanpspKeHWi
criefdlyeT onpefensiTe NpMpalleHnsl KOMMNOHEHT TEH30POB HanpsKeHu {G,, + 6p} U {0, + G, + ©,} OT Hauanb-
HOTO COCTOSIHUSI t; 4O MOMEHTa BpemeHH t no chopmMynam:

nl

(AG,); = Oyt — Oyp,i (AC))p = Oy — Oy
(AG,); = Gy — Oy, (A )t = Oy — Oyt
(AGyz)t = Gyzt = Gyth; (AGZX)I = Ozxt ~ Ozxty (7.21)
(AG; )t = Opxt— Opxtys (MG )t = Opyp— Op
(AS 1)t = O3t = Oty (AO )t = Oyt = Oyt
(AGLyZ)t = GLyzf - cs‘Lyzf1; (AGLZX)!‘ = Opzxt ~ SLzxts
7.3.3 MNpupaweHns NpUBeLeHHbIX HAMPSKEHWA BEIYUCIAIOT No hopMynam:

A(o), = %([(on)f —(Acy)t]z + [(Acy)t —(AGz)f]z +
p (7.22)
[(a02)~(s0,), 6| (a0, +(a0,e)] + (30 ] ||
A(O'u) = %{[(AGLXL _(AGLY }t :|2 i [(AGL,‘/){ i (AGLZ)t ]2 ¥
(7.23)

.

2 2 2 27\
+[(A<5,_Z)r —(AGLx)t] +6'[(A6ny)z +(A0‘Lyz)r +(AGLZV)ID )
7.3.4 Mocne pacyeta A(G,) Anst HECKOMBKX NOCMEAYIOWLMX MOMEHTOB BpeMeHu t > t, criesyet onpeae-

NsATb MOMEHT BpeMeHM 1, Koraa 3HadeHne A(G,) B NepBbIi pas gocTuraeT makcumyma A(a,) = A(ay),, KoTopomy
crnepyeT NpuaaBaTh 3HAK «MIOCY», €CNU BhINOMHAETCS YCMNoBUe

“cx, — Oy, ) +(0y, — GOyt ) +(UZ,. ~ Oz, )J =0, (7.24)

UIK «MWHYC» B MHOM Cny4ae, U (PUKCHUPYHTCA 3Ha4YeHWA COCTaBMAIOWMX HANPAXKEHNN B 3TOT MOMEHT BpeMe-
HU Gy Oty O Ty Typp Toxp KOTOPBIE AOMKHBI CTAHOBUTLCA HAYambHLIMU B CNIEAYIOWeM NonyLmkne.

MNpuBeaeHHble HANPSHKEHWss B MOMEHT BPEMEHH ty MPUHUMAIOTCH PaBHbIMK (Gy)4 = (A)4.

7.3.5 Pacyet no 7.3.2, 7.3.3 npoBoAAT ANs NOCNEAyHLEro U3MeHeHUss Harpy3ok (f > t1) 1 onpege-
NSAT MOMEHT BpeMeHU t,, Npu KOTOPOM AOCTAraeTCs MakCHMyM NpUpalleHus npuBeAeHHbIX HanpsKeHWun
(Acy)q = (Acy),. BHOBb crieflyeT (hUKCUpOBaTk 3HaYeHUs (G, Oyt Oztr Tuytr Tyzp T,,¢), KOTOpPbIE ANA Creayowero
nonyuukna crneayer cynTate HavyanbHbIMW. Pasmaxy npuBedeHHbIX HanpsxeHWn (Ac,), crnegyeTt npuaasatb
3HaK, MPOTUBOMOMNOXHbINA 3HAKY (AG),.

MNpuBegeHHoe HanpsXeHne B MOMEHT BPeMEeHM t, AOMKHO BbiTh PaBHO (Gy), = (G;)1 * (AG)),.

AnanornyHsiM obpasom no 7.3.2, 7.3.3 NpoBOAAT pacyeT A5s BCEW UCTOPWMM HArPY>XeHWsl KOMMNOHEHTA, 1
B pesynsTarte JorkHa BbiTh NofyYyeHa 3aBUCMMOCTbL NPUBEAEHHbBIX HAMNPSKEHW (G) UK (G, ) OT BpeMeHun Ans
BCEW UCTOPWUK HArpy>KeHns.

7.3.6 Paamax HanpsxeHun (o)g OOMmKeH ObiTb onpedeneH no rpaduky USMEHEeHU NPUBELEHHbIX Ha-
NpsKeHWn (G) Ans BCcet UCTOPUN M3MEHEHNA HaNPsXKeHW no opmyrne

(G)R = (G)max - (G)min’ (7-25)

rae (%) max (Fmin — anrebpanyeckMu MakcMManbHble M COOTBETCTBEHHO MWHUMAmbHbIE NMPUBELAEHHbLIE Ha-
NPsKeHUd OIS BCEN UCTOPUU M3MEHEeHUs HanpsikeHun, MIMa.

7.3.7 Mo paccynTaHHbLIM 3HAYEHUAM NPUBEAEHHLIX HAMPSKEHWIA (G, ) ONPEefensiioT 3HaYeHUsT MECTHbIX
YCIOBHbIX YNPYrUX NPUBEAEHHbIX HaNpsKeHn (Gx) C yYeTOM BO3MOXHOW MOMpaBKW Ha ynpyronnactuyeckoe
AedopMupoBaHne marepuana B COOTBETCTBMM ¢ TpeboBaHusAMKM 7.4 ¢ y4eTOM TOro, YTO paccmaTpuBaeTcs
OLMWH €OMHCTBEHHbIN rPauK N3MeHeHUs (o).

15
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7.4 Onpenenel-me MECTHbIX YCNOBHbIX YNPYIrux npuBegeHHbIX HaﬂpH)KEHVIﬁ ynpoweHHbIM
ynpyronnactn4ecCKkmm pacyeTom

7.4.1 3HAYEHNsi MECTHbLIX YCMOBHBIX YNPYIUX NPUBEAEHHbLIX HANPSKEHUA (G ) ONPEAEnsloT B 30HE KOH-
LieHTpaLuuM HanpsKeHun Ha OCHOBE 3HaYeHWin (0‘_,_) (nHoexcol i, jk v ik 30ecb v ganee Ans KpaTKocTy onyLle-
Hbl), C Y4ETOM BO3MOXHOW NOMNPaBKy Ha ynpyronnactuyeckoe gedopMupoBaHMe matepuana. Y4eT nnactude-
CKkuX gecbopmalvin BeIMOMHAKT C NOMOLLLI YNPOLWEHHOTo YrpyronnacTuyeckoro pacyera no 7.4.2.

7.4.2 YnpoLleHHbIA ynpyronnacTM4ecknia pac4yeT cnegyet NpoBOAWTL B COOTBETCTBUM ¢ TpeboBaHMAMM
HaCcTOALLEro NyHKTa.

MMonpaBKy Ha NnacTu4eckoe TeYeHe MaTepvMana NpoBOASAT C UCMONb30BaHMEM NapamMeTpoB CTEMEHHON
annpoKcumauun guarpammbl pacTsXeHus matepwana. [uarpaMmma pacTshKeHus matepuana gormkHa ObiTe
annpokcuMupoBaHa B Buae

ET ¢, roe €<eg
0= N , (7.26)
Rge (i) . roe e>g,
€g
rae Rge — npegen nponopuuoHansHocTy, Ma;
T
o = ’;e — nedopmMalma, COOTBETCTRYOWANA Npeaeny nponopLUOHansHOCTU.
=
[MokasaTenb yNpoOYHEHUA V 1 R;e cnegyeT BbIYUCNATL Mo hopMynam:
RT
0,73-g (1+1,4-10_2-ZT)7’"
Rpo2
V= ; (7.27)
100
2,3 IgiT
Ig 100-Z
-3 i T
2102 +R], /E
1
1=y
-
R
Rl = £z . (7.28)
3 T, pr YV
(2-10 E +Rp0,2) |

B cnyyae ecnv B paccMaTpuBaemon 30He PacrnonoXeH CBAapHORA LWOB, TO 3HAYEHMUS Rge W V OOMKHbI
OblTh NPUHATLI MMHUMAarbHbLIMK U3 3HAYEHWA MeTanna Wwea U OCHOBHOro MeTanna.

[Mpy NepeMeHHOW B TedeHWe Momnyuukna Temneparype Bbl4UCHEHWe 3Ha4YeHUn R;T;e M v npoBogaTt ang
MakcKumMarbHOM U MUHUMAaNbBHOW TEMMNepaTyp Nonyuukna no cCOOTBETCTBYOLWWM 3HAYEHUAM R’T)O 2 R,Tn, ZT, ET.
PacueTHoe 3HadeHue Rge cnenyet NPUHUMAThL PaBHbLIM MOMYCYMME COOTBETCTBYHOLLMX 3HaYeHuin Ons Mak-
CYMAaIbLHOW U MUHMMAamNbBHOW TemnepaTyp nonyuukna. PacyeTHoe 3HadeHue v cnefyer NpuHUMAaTh PaBHbLIM
MWHAMAanNbHOMY U3 ero 3HavyeHWi B MHTepBane TemnepaTyp nonyuukna. [lonyckaeTcs MCrnonb3oBaHue B Ka-
YeCTBE pacYeTHbIX 3HaYeHUN Rz;e M v, COOTBETCTBYIOLLNE MaKCMMalbHOW Temnepatype nonyuukna, a Tak-
Xe npuHuMath v = 0 Npu ycrnoBMM UCNONb30BaHUSA B KQYeCTBE PacyeTHOro 3Ha4YeHus R;T;e nvbo nonycymmel
npegenos TEKY4YecTu Rgo,z Np¥ MakCUManbHOW M MUHUMAaNbHOM TeMnepaTypax nonyuukna, NMbo 3HavYeHus
R,zTao,z npyu MakcuManbHOW TemnepaType nonyuukna.

Mpu Temnepatype, paBHON Unu Boile Temnepartypbl T, 3HaYeHne Rz;e onpeaensaT No M30XPOHHON Kpu-
BOW 0eOpPMUPOBaHKS 32 BPEMS HArpyxeHWUsl KOMMNOHeHTa B TeMEHWE paccMaTpMBaemMoro nonyuukna.

[AnuTenbHOCTE NOMyUMKa paBHa BPpeMEHW M3MEHEHWUST HanpsKeHUn 0T MMHMMAanbHOro (MakcuMarnbHOo-
ro) 4O MakcumanbHOro (MMHUMAanbHOro) 3HavyeHus. [py pacyeTe HanpskKeHWA B MpoLlecce Mycka, BbIXo4a Ha
PEeXKUM Nocrie Kakoro-nnbo nepexoqHoro pexxMmMa n paboThl Ha CTaluMOHapPHOM pexXmnMe 40 CnedyrLLero nepe-
XOAHOTO pexunmMa npu TeMneparypax Bbllwe TeMnepartypbl T, He06X04MMO y4uTbIBaTE CpeaHee Bpems paboTbl
Ha CTaLWOHApHOM pPEXVMMeE MeXay COOTBETCTBYHLUNMUW NepexoqHbIMU PeXMMamu.

Mpu Temnepatype, NpesbilWwaoLen Temneparypy T, nokasatenb YNpo4YHeHUs BbIYUCNSIOT No hopmyne
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lg GT
=
Rpoat
. ot iy (7.29)
o} eT
-
€0,2t

roe RED op o] — npeaen Teky4yecTu M HampskeHue, COOTBETCTBYKLLEe ynpyronnacTmyeckoin aedopmauumn
’ e’, NpuHUMaeMble MO M30XPOHHOW KPUBOI AehopMUPOBAHUS AN ANMTENLHOCTU 1 TeMe-
paTypb! nonyuukna, MlMa;
egﬂ — pedopMauus, COOTBETCTRYOLLLAA Npeaeny TeKy4YecTu R;T)O,Zt?
gt — necopmauus, cooTBeTcTRyloWwas 6! (He MeHee 2 %).

OnuTenbHOCTb NONyUMKna OOMKHA ObiTb paBHA BPEMEHW W3MEHEHWUS HANPSXEHWA OT MUHUMansHoro/
MaKCMManbHOro 4O MakCMMarnbHOro/MUHMMAanNbHOTO 3HadYeHus. [pu pacyeTe HanpsaXKeHWn B NpoLLecce nycka,
BbIXO4A Ha peXuM rnocrne Kakoro-nubo nepexogHoro pexumMa u paboTbl HA CTaUWOHAPHOM peXxumMe OO0 che-
AYIOLLEro NePexofHOro pexuma npu TemnepaTtypax, paBHbiX U Bbille T, CeayeT yuuTbiBaTb CpeaHee Bpems
paboTkl Ha CTaLMOHAPHOM PEXUME MEXAY COOTBETCTBYHLLUMU NEPEXOAHLIMU DEXUMAMU.

Mpadukn n3MeHeHnss HanpsXXeHud (Gg) CTPOAT NyTemM nocrnenosartensHoin 06paboTkn ToYek rpadukos
(o,) AN MOMEHTOB BpeMeHu b, ..., 1, ..., t,.. Tlpn aTOM cneayeT MCnonb30BaTk BCNOMOraTernbHbie napaMeTphbl
€ n A, a Take xapaKkTepHble 3Ha4YEHNA MOMEHTOB BPEMEHN T, 1 t,, NOPAAOK ONpeaeneHns KOTOPbIX U3MOXEeH
Huxke. OB as nocnefoBaTeENbLHOCTL PACYETOR A0MMKHA BbITE creayoLas:

a) B Hauane pacyeta nonarawT: f, =1, =t,, t; =, E =L = 1; (0,), = (Gp), = (0,)p = (Op), = 0;

6) B cnyyae ecnu BenuyuHa (GL),/Rpe He BbIXOAWT 3a rpaHuubl oTpeska [A, A — 2sign(A)], 4To cooTBeT-
CTBYeT ynpyromy AedopMWpOBaHMUIO B MONYLWKIE HArpy>KeHUs, NPUHAMA0T

(og);= (o)), = (o) * (OF)p (7.30)

[Mpw BbIXOOE BENUYMHBI (GL)I/REe 3a rpaHuubl oTpeska [A, A — 2sign(A)] npoucxoguT ynpyronnactuyeckoe
AedopmMnpoBaHKne, Ana KOTOPoro HanpsxeHne (Gg), BbIMMCNAKT no dhopmyne

1

i _ 2N
(og ) =sign[(o, ) — (o, )] (ﬁRge)"” (”TV (1)~ (6 )n] ® +1Tv(§5’;e) ) +(og)y.  (7.31)

Mpwu 3TOM B Cnyyae, ecnu BbiXo NPOU3oLUen CO CTOPOHbI TPaHWYHOTO 3HaYeHus A — 2sign(i), a B npeabl-
AyLie MOMEHTEI BpeMEHU yKe BO3HUKANo ynpyronnactuyeckoe nedopMUpoBaHue, To cnegyeT NpuHUMaTh
E=2nt, =t, B cnyyae, ecnv BbIXOA NPOM3OLLEN CO CTOPOHBI IPAHUYHOTO 3HAYEHNA A UMK ECIM PaHbLUE HI
pasy He BO3HWKIIO ynpyronnactuyeckoro AedopMUpoBaHns, TO B MOMEHT BPEMEHM f, COOTBETCTBYIOLIME EMY
HanpspkeHus (o, ), U (Og)y,, @ Takke 3HavYeHusa napameTpa { cnefyer ocTaBnATh 6e3 usmeHeHus (T. e. Temu,
KOTOPbIMW OHW CINIOXUMWUCh Ha NPeLlecTBYIOLLUX 3Tanax pacyeTa).

PacueT no chopmyne (7.31) gonyckaeTcst NpUMEHsSTb TOMbKO 4151 30HbI KOHLEHTPaTopa HanpsiXeHWi npu
BbINOMHEHUW CREAYIOWErO YCIOBUS:

c
[0 e <2R}y5. (7.32)
G

Ansa npounx cnyvaes npw onpeaeneHnn (), BMECTo npuMeHeHna opmMynel (7.31) cneayeTt NnpoBoanTb
MOMHLIA YNpyronnacT4eckMin pacqeT KOMMOHEHTa;

B) nocne onpegeneHns (Gg), Npu ynpyronnactuyeckom aedopmuposaHui no gopmyne (7.31) nnm no
AaHHbLIM YNPYronnacTUYeckoro pacyeta, NpUHUMalT Ana f, =t

v

c
A= ( LT)’ sign(og),; (7.33)

pe

ecnu f; < t., To cnegyeT NepenTu K paCCMOTPEHUIO CNedyHLWero MOMeHTa BpeMEH! f, 4 B COOTBETCTBUM C MO-
PAOKOM, M3NOXEHHbIM B nepedncrneHmsx 6), B) 7.4.2.

Mpw t, = t,, pacyeT HANPsKEeHUN (Gg), 3aBepLIaioT. )

HDonyckaetca pasbueHne Ha Bnoku rpaukoB M3MeEHeHWs HanpsbkeHun (o, ). Mpadmk nogobHoro pas-
©1eHus nokasaH Ha pucyHke 7.3.
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Enok HarpyxeHus Briok HarpyxeHus

* — nonyuuknel mexay HanbonbwmnMy sHaveHnaMK (Gg)

PucyHok 7.3 — paduk M3aMeHeHMA MeCTHbIX NPUBEAEHHbIX HanpsxeHui (o, ) n (o)

Ecnun npun pac4yete (og), n onpeaeneHnn rpaduka ero naMeHeHus ucrionb3syercsa opmyna (7.31), 1o
crneflyeT paccMoTpeTb MNocrefoBaTenbHo [Ba OAMHaKOBbIX BroKa U3MeHeHUs HanpsikeHwin (o;) (cMm. pucy-
HOK 7.3). B aTom cny4ae 4icno noayumknos (ULMKMOB) KaxX4oro tuna mexay abcontoTHO HanbonbLwmmMy 3Have-
HUAMM (G ), MPUHUMAIOT PABHLIM OXMAAEMOMY MPU IKCNIyaTaumm Ynucny GrokoB HarpyxeHus 3a Bobi4eTom 1,
YMCNO OCTanbHbLIX paBHo 1.

Ipadhmk, UNMCTPUPYIOLLNIA M3MEHEHWE OOHOMO U3 MECTHbIX MPUBEAEHHbIX HANpsXeHWn, NpuBeAeH Ha
pucyHke 7.3.

7.5 OnpegeneHne MeCTHbIX YCNOBHbIX YNPYIrMX NpUBegeHHbIX HanpAXeHW C UCNONb30BaHUEM
adchhekTnBHOIO Ko3dhdpMLMEeHTa KOHUEeHTpauum

MecTHble yCroBHbIE YNpyrvie NpUBEOeHHbIe HanpshKeHns (Gg) npu ucnonb3osaHun addeKTUBHOMO KO-
ahhmuneHTa KoHUEHTpauun K BbIYMCNAIOT No popMyne

(Cr) = %[(GL )y = (S )]+ (0E )k (7.34)
unu no gopmyne
(05); = Kgd(0),— (O)p] + (Op)p- (7.35)

SthheKTnBHbIN KO3 MNLNEHT KOHLEHTPaLun K s MECTHBIX NPUBEAEHHbIX HAMPSXEHUA ONpPeaensioT Ha
OCHOBE 3KCNepUMeHTaNbHbIX AaHHbIX.

FeoMeTpus, COCTOSIHWE MOBEPXHOCTU, HOMUHANbHbBIE HANPSKEHUS U rpagueHTbl MECTHLIX HaMnpsKeHuMn
B 30HE KOHLUEHTPaUun UCMbITEIBAEMOTO KOMMOHEHTa, Modenu unu obpasua, ux matepuan u TepmoobpaboTka,
YCMNOBUWS HarpyXeHWs OOMKHbBl COOTBETCTBOBATE HATYPHOMY KOMMOHEHTY KOHCTPYKLWK.

MpumeHeHue K ¢Npu pacyeTe MECTHbIX MPUBEAEHHbIX HaNPs}KeHUA AOMKHO BbITe cornacosaHo co crno-
cobom 06paboTKK IKCMepUMEHTaNbHbLIX AaHHbLIX MPXU ero onpeaeneHum.

B pacuete npu (6, ) < R,[Tyo,z 3 (peKTUBHBLIN KO3MMULWEHT KOHUEHTPaUMN HANPSXKEHWA BbIYUCIAKOT MO

dopmyne

Kgr=1+q(K,—1), (7.36)
rae g — KO3(MULMEHT YyBCTBUTENBLHOCTM Matepuana K KOHLEeHTpauun HanpskeHui (g < 1).
18
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B cnyyae ecnu (o) = K (o,) 2 RL, TO KO DULMEHT g BbIYUCAAIOT NO popmMyne
1-q9 T
q =0+ ——2—[Ky(0,)- R ] (7.37)
Rpo2 —R-1
aecnu (6, ) = Ks(0,) < RL, TO g NPUHUMAIOT PaBHbLIM g, TAE g — KOIPPULMEHT YyBCTBUTENBHOCTA MaTepu-
arna K KOHLEeHTpauun HanpsKeHWid, onpedeneHHblid Npy aMnnuTyge MecTHbBIX HanpsikeHWin, paBHoi npegeny
BbIHOCIMBOCTH RL, 1 BbiBMpaemblid B COOTBETCTBMM ¢ Tabnuuen 7.1.

T T SO
l'lpw NPOMEXYTOYHOM 3Ha4YeHWK R,GO,Z"'Rm 3Ha4YeHne qO onpegendeTca nytem nNMHEeMHOW MHTepnonAaunn.

Tabnuua 7.1 — 3HaueHusa ko3aPhULNEHTA YYBCTBUTENBHOCTHY

R;U‘ZIR; do 30Ha KOHLEHTPALNK HANPSXEHUA B KOMNOHEHTAX

04 0,9

0,6 0,95 Yrnoeon nepexon npw paguyce ckpyrnenuna ot 10 go 40 mm

0,8 1,0

0,4 0,7

06 08 CKpyrneHus B BepLUMHAX NMasoB W ONOPHbIX BypToB Npy paguyce CKpyrneHus ot 4 fo

’ ! 10 MM
0,8 0,9

7.6 ¢DpMHpOBaHME pac4eTHbIX UUMKINOB U3IMEeHeHUA Hanpﬂ)KEHMI:I anAa pacyeTta Ha UUKNUYEeCKYHO
MPO4YHOCTL

7.6.1 B cny4ae ecnu npvBedeHHbIE MECTHbIe YCIOBHbIE YNpyrue HanpskeHws onpenensnucb c npu-
MEeHEeHMeM Teopun HanbonbLIMX KacaTernbHbIX Hanps:KeHud Tpecka, To (POPMUPOBaHMNE PACYETHBLIX LIMKIIOB
M3MEeHEeHUs HanpsKeHWn ng pacyeTa Ha LMKNUYECKY NPOYHOCTb OOMKHO NMPOBOAMTLCA B Mopsagke, uano-
XeHHOM B 7.6.2.

7.6.2 Mo Tpem rpacinkam MeCTHbIX MPUBEOEHHbIX HANPSHKEHUI OOMKHO ObiTh onpeaeneHo HanbonsLwee No
abCcomnioTHOMY 3HAa4EHMI0 YCIIOBHOE YNPYroe HanpsikeHue (G ),y ANA BCEro NpoLecca M3MeHeHNs HanpsikeHni.

dopMUpOBaHME PACHETHbIX LIMKITOB MK MOMYLWKITOB HANPS)KEHWIA BbINMOHAKT H8 OCHOBE MOJTHON UCTO-
pUK HarpykeHust 3a nepuog ot ¢, Ao t,,. [pn 3TOoM Kaxabli pas nNpyu BblAENEHU 04ePEdHOro MoNyuuKna ns
Y4acTKOB Tpex rpauKoB U3MeHeHUs HanpskeHuin (GF),j, (GF)J,-k, (0p)j AomkHa BbITk NonyyeHa HanbornbLwas
BO3MOXHasi aMnnuTyga MecTHOro NpUBEAEHHOro HanpsaxeHus.

Ona cdopMupoBaHWa pacyeTHbIX LMKNOB (MOMYLMKNOB) HANPsHKEHU Kaxablh U3 rpadpmKoB (O‘F)I-j, (GF)jk,
(OF)jx BO BpEMEHHOM AuanasoHe ot f; [0 i, AoMmKeH ObiTe 3aMKHYT, TO €CTb B HEM [OJIKHbI COBMafdath Ha-
YyanbHoe (B MOMEHT BPEMEeHMU t;) U KOHeYHOe (B MOMEHT BpeMeHW t,) 3Ha4yeHus HanpspkeHuin. B nHom crniyqae
rpadpukmn criedyeT UCKYCCTBEHHO 3aMKHYTb, BBEAS B HUX COOTBETCTBYIOLWME (PUKTUBHbLIE YHaCTKN M3MEHEeHWUs
HanpsXXeHWi B MHTepBane BpeMeHu OT {,, A0 HEKOTOPOTO (OUKTUBHOTO 3HAYEHUA tcp-

3TV DUKTMBHbBIE YYACTKU UCTOPWM HarpyXeHWs BHOCST AOMNOMHUTENBHOE YCTanocTHOe MoBpexaeHve,
4YTO JeraeT MOCMNeaylLWwyo OLeHKY LUKIMYeCcKoW MpoYHOCTW KOHCepBaTMBHOW. [lonyckaeTcs BblYMTaTbL BENU-
YWHbI NOBPEXAEHUA OT PUKTUBHBIX YY4ACTKOB M3 CYMMAapPHOro YCTanoCTHOMO NOBPEeXaeHNns.

Ona dopmnpoBaHnss pacyeTHbIX UMKNOB TpebyeTcs npeanonoXuTb, YTO Kaxabll U3 Tpex rpadukos
MHOTOKpaTHO OCBELLaT NOTOKOM CBETa, Ny4u KOTOPOro HanpasneHsl BAOMNb rOPU30OHTanNsHON OCKM BPEMEHN.
OcBelleHMa ABNAKTCA NapHeIMU. [Npn NepBoM OCBeLLeHUN U3 Kax 0o napbl paccMaTpuBaoT TONbLKO BO3pac-
Tawolue, a Npy BTOPOM — TOMNbKO YObIBaKOLME YY4aACTKW, COEQUHSAOLLME COCEHUE NOKaNbHbLIE MAKCUMYyMbI 1
MUHUMYMBI. HeoBX0QUMO y4ecTb, YTO CBET He NMPOXOAMUT CKBO3b paccMaTpyMBaeMble y4acTku rpachukoB (BO3-
pacTawLwwumne nubo ybbiBaroLme), BCNeACTBME YEro Ha KaKaoM rpaduke npu kaxaom ocselleHnn obpasyercs
BEpPTUKanbHOe NATHO TEHU.

[Mopsagok hopMUpoBaHUA pacHeTHbIX LMKIOB CAeayoLWMiA:

a) BbIMOMHAKT NEepPBbIA 3Tan OCHOBHOMO MapHOro OCBELLEHWSs: Ha BCeX Tpex rpadmkax OOIMKHbI ObiTh
OCBelleHbl Bo3pacTaluwume yyacTku. ObpasoBaBluMecs Ha Tpex rpadukax NsaTHaA TeHW CPaBHMUBAKT NO BEMUW-
uuHe. B cnydae ecnu npy 04HOM OCBeLLeHUU Ha kakoMm-nnbo rpadrke obpazoBanock ABa Uy Bonblue NATEH,
TO B CPaBHEHUWN KaxK[4oOe NMATHO JOIDKHO y4acTBOBaTh HE3AaBUCUMO. M3 Bcex NATeH TeHW, 06pa3oBaBLUNXCS Ha
Tpex rpadukax, cregyet BoibvpaTh NATHO MakCcMManbHOro pasMepa. B cnyyae ecnu HECKONbKO NATEH UMEIOT
OOWHAaKOBbIM pa3Mep, TO cnenyeT BolbMpaTb TO, Y KOTOPOro BEPXHASA rpaHuLa pacnonoxeHa Bbille;
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6) no BeIBpaHHOMY MATHY TEHW POPMUPYIOT PACHETHbLIA BO3pacTaloWMiA NONYLWKN HanpsXXeHWa cnegy-
oMM 0DOpazoM: ero MUHMManbHOe N MakCcMManbHOe 3Ha4YeHUs A0MKHbI ObiTh NPUHATLI PaBHbIMKU, COOTBET-
CTBEHHO, HMXHEN N BepXHeW rpaHuLam BbIDpaHHOro NATHA;

B) Ha rpadmke, Ha KOTOpoM Obin chopMMpPOBaH 3TOT BO3pacTalLMiA MOMYUMKI, BbIMOMHAKT BTOPOW
3Tan OCHOBHOIO MapHOro OCBELLEeHWA: ocBellalT ybeiBatowme ydyactkn. ObpasoBaslueecs Npyv aToM NATHO
TeHW JOMKHO coBnajaTth ¢ MATHOM OT BO3pacTaloWMX Y4acTKOB, U Ha Tex e MpuHuunax popMupyoT pac-
UETHbLIN YOLIBALLNA NOMYLWKIT.

CdropmupoBaHHble Takmm obpas3om pacyeTHble BO3pacTalwwmi u yObiBaKOWMA NONYLUMKABl MMET
OOVHAaKOBble MMHUMAarbHbIE U MakcMMarnbHble 3HavyeHus. Takne NonyuMKnbl cnegyet Ha3biBaTb NapHbIMU
pacyeTHbIMKW Nonyunknamu. NapHele pacyeTHble NoNyuMKbl MOTYT BbiTe 0ObeANHEHbI B OAWH PacyeTHbIN
LMK,

r) mocne Toro, Kak BbIMOMTHEHO OCHOBHOE MapHoe OcBelleHWe M chopMWpPOBaHbl NapHble pacqeTHble
NONYUMKIbl HANPSXKeHNRA, rpadunkn (GF)U-, (GF)jk, (o) AOMKHBI BbITe AN AanbHenLWwero aHanmaa npeobpaso-
BaHbl cregytowum obpasom:

- Ha rpadmke (GF){}, Ha KOTOpOoM ObINKM cthopMUpPOBaHbl OYEpenHble MapHble pacyeTHble MONYLUKIb,
yOansioT Te y4acTKW, TeHb OT KOTOPLIX BOLNA B BblOpaHHble NATHA TEHW AN 3TUX NOMYLMKIOB;

- Ha ABYX OCTanbHbIX rpadmkax (O‘F)jk W (Of)y YacTu, pacnonoXeHHble B TEX XXe WHTepBanax BpemMeHu,
4YTO W yAarneHHbIe y4acTKM NepBoro rpaduka, nogBepraoT AOMONHUTENBHOMY NapPHOMY OCBeLLeHuto. [1pu aTom
ocTanbHble YacTu 3TUX ABYX rpadpvkoB crnegyeT WrHopyMpoBaTe. Ha kaxgom vs AByx rpaddvkoB cpaBHWMBAKT
MATHA TeHW OT Bo3pacTawmx 1 ybbiBaowmx y4acTkoB. B cnydae ecnu 37K nATHa COBNaAatoT NOMHOCTLIO UITK
Kakor-nnbo cBoel obracTbio, TO YacTu Bo3pacTalLlmX 1 yObIBaOLWMX yHacTKOB paccMaTpyvBaemMoro rpadumka,
co3gaelme 3Ty obyto obnacTe TeHn, ygansioT. B cnyvae ecnu coBnagawwmx obnacten TeHn obpasoeanock
HECKOMNMbKO, TO yAansoT TONbKO Teé OCBELLEHHbIe y4acTKu, pasmep obnacTu TeHW oT KoTopbix Bonblue, a npu
paBeHCTBEe — Y KOTOpbIX 06racTe TEHU pa3melleHa Bbille;

A) npouecc (hopMMpoBaHMsA LMKIOB (MOMYUMKIOB) NOBTOPSAIOT NO NepeyucrneHnam a)—r) 7.6.2 go tex
nop, NoKa He oKaXyTcs yOaneHHbIMKW BCe Y4acTKW paccMaTpuBaeMblxX rpathuKkos.

7.6.3 ®opmMMpoBaHKE pacyEeTHbIX LWKMNOB HanpskeHWi No pesynsratam pacyeTta G MpUMMEHEeHUeM aHep-
reTuyeckon Teopuy Museca npoBOAMAT MO OAHOMY rpaduKy M3MEHEHWS () B MOCNEA0BATENBHOCTH, M3NO-
EeHHOW B 7.6.2, 32 UCKNIOYEHNEM NepeyncneHuns r) 7.6.2.

Kaxablin 13 chOopMMPOBaHHLIX PACHETHBIX LUKMNOB (MONYLMKIOB) HANpsXeHW ANA BeINOMNHEHWA nocne-
Aytoulero pacyerta Ha LMKIIMYECKY0 MPOYHOCTb COMPOBOXAANT MHOpMaLMeln 06 akcnnyaTtaumoHHbIX YCo-
BUAX (TemnepaType, NapameTpax cpedbl 1 ontioeHce HEWTPOHOB, ANWTENBHOCTM peanuaauunn), COOTBETCTBY-
fOLLMX BCEM TEM YacTAM rpadMKoB HanNpsHKEHWA, U3 KOTOPbIX OH Oblf COCTaBNEH.

8 PacueT Ha cTaTU4YeCKyr NPOYHOCTb

8.1 Pacuyet Ha CTaTUYeCKYH NpOYHOCTL be3 ydyeTa non3y4vyecTtu

8.1.1 Pacyet Ha cTaTU4ecKyto NPOYHOCTb BbINOMHAETCH N0 HOMWHAMNbHLIM JONYCKaeMbIM HAaNPAXEeHUAM,
onpegeneHHelM 6e3 yyeTa yBenMyeHUs npegena TeKydyecTu U BPEMEHHOrO COMPOTUBIEHUA nod AeACTBUEM
obnyueHus.

8.1.2 lNpwu pac4eTe Ha cTaTUYECKY MPOYHOCTb CrieayeT NPOoOBepATh BbIMNOMHEHWE YCNOBUIA MPOYHOCTH
NPUMEHUTENBHO K PACYETHBIM Harpyakam 1 KO BCEM PacYeTHBLIM peXuMam, 32 UCKITKYEHMEM BUDPALMOHHBLIX
W OMHaMWYECKMX Harpy3ok (BKMYas celcMu4eckme).

8.1.3 3HauyeHusa NpuBeAEHHbLIX HAMPSKEHWUH pacyYeTHLIX FPyMn KaTeropuili HanpskeHui, onpegeneHHble
npwW pacyeTe Ha CTaTUYECKYH NMPOYHOCTE KOMMOHEHTa, He AOMKHbLI NPeBbillaTh 3HAYEeHWIN, YKa3aHHbIX B Ta-
Bnvuax 8.1 n 8.2. 3Ha4eHNss HOMUHanNbHLIX AOMYCKAaeMbIX HanpsxeHui [6] v o], cneayeT onpedensaTe B COOT-
BETCTEUM C NonoxeHusmu pasnena 5. [lonyckaetcs onpegenexue [6] v [o],, He ANA pacyeTHON Temneparypsl,
a Ans MakcMManbHOro 3HadeHWs CpefHer TemnepaTypbl NO TOMUWMHE CTEHKWU (CeYeHMs) KOMMOHeHTa B pac-
CMaTpuMBaeMOM pexuMe.

8.1.4 CpegHve HanpspkKeHUs CMATUSA He O0MKHbI NPeBbIlaTh 1,5R[T)O,2. B cnyyae ecnu paccTosHue oT
Kpasl 30Hbl MPUMNOXEHUS Harpy3kyM 4o cBoOOOHON KPOMKIW NpeBbllaeT pasMepbl 30Hbl, HA KOTOPOWN OelcTByeT
Harpyska, JonycKaeMble HanpsXeHus crnegyeTt yBenuunTe Ha 25 %.
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Tabnuua 8.1 — [lonyckaembie HAaNPSKEHUS A9 KOMMIOHEHTOB, 38 MCKNoYeHMeM BONTOB U LWNUMeK

Pexunm HarpyeHus (o), ©), o
HY3 [o] 1.3[0] n
25 102 | BT '
R p0,2 , HO He Bonee 2R 00,2
Rm
HHYS 1,2[0] 1,6[c] —
LAl 1,4[0] 1,8[0] —

Tabnwuua 8.2 — [onyckaemble HanpsbkeHnsa ansa 60MToOB M WNUNek

PesuM HarpyxeHns () (0)3," (0)gy™
HY3 [5], 1,3[c],, 1,70l
HHY3 1,2[0],, 1,6[c],, 2,0[¢],,

YMNA 1.4[cl,, 1,8[o],, 24[o],,

* OnpenensaioT Kak CyMMy CPEAHUX MO CEYeHWIo BONTa UMK LNUIMBKA HANPSKEHWI PACTAXKEHUS, BbI3bIBAEMbIX ME-
XaHW4ECKWMM HArpy3kamu, BKMoYas YCUNWUe 3aTara, M TEMNepaTypHbIMA BO3AEUCTBUSMU.

** ONpefensioT No COCTABNALLUM HANPSXKEHUA PACTHKEHNS, Marnba 1 KpydeHUs OT MeXaHUYeckux U TeMnepaTyp-
HbIX BO3OEWCTBUIA, BKITKOYAS YCUIWE 3aTsra.

8.1.5 CpegHue kacaTernbHble HanpsKeHUs, Bbi3aBaHHbIe 4eNCTBUEM MEeXaHWYeCKMX Harpy3ok Ha KoMmno-
HeHT TBC 3a ucknodeHnem peabﬁbl He fomkHbl npeBbiwaTth 0,5[c] (B pe3bbax — npu HY3 0 25}:\"00 o, NpU
HHY3 0 BORT0 5, Npu YMA O 35Rp0 2)-

8.1.6 I'IpM rMOPaBNNYecknx VICI'IblTaHVIFD( NpYBEAEHHble 06Lue MemMbpaHHbIe HanNpPsXXeHUs B KOMMOHEH-
Tax He JOMKHbI npesbilwaTh 1,35[6]", a npuBegeHHbIe HaNpsXXeHNs!, onpeaeneHHbIe N0 CyMMaM COCTaBMSAI0-
WKMX OBLUX UM MECTHBIX MEMBPaHHBIX U 06LMX M3rMbHBLIX Hanpskenuit, — 1,7[c]’". HanpspkeHus O B

6onTax W WNUNbKax He AOMKHbI NPEeBbLIWLATbL 0,7Rg’52 .

8.1.7 MNpu oueHKe CTaTUYECKOW MPOYHOCTM MO pasmaxam HanpsKeHwin (G)s MakcumarbHble U MUHM-
MarnbHble abCcomnMoTHbIE 3HaYEHWUsI NMPUBEAEHHbLIX HANPSKEeHUA, BXOASLIMX B ONpeaeneHne 3Tol KaTeropun, He
[OOMKHBI NPEBLIWATL R;rn.

8.1.8 BrinonHeHne TpeboBaHmit Tabnuubl 8.1 Mo rpynne Kateropuin HanpsxeHwi (c)p 1 TpeGosaHwin 8.1.7
gomkHo 6biTk obecneveHo. B Tex cnyyasx, korga ato TpebosaHve He obecneveHo, JONYyCKaeTCa OTCTYNNEeHWe oT
3TKx TpeboBaHWiA [NO CornacoBaHMo ¢ KOHCTPYKTOPCKOWM (MPOEKTHOM) OpraHu3almneii] npu ycnoBuW, HYTo BO3MOXKHOE
MpW 3KCNMyaTauun uckaxeHwe opMbl KOHCTPYKLMM, CBSI3aHHOE C HEBbLINOSIHEHWEM BbILeykasaHHbIX TpeboBaHui,
HEe NOBMUAET Ha HOPMAanLHYH 3KCTNyaTaLuK akTUBHOW 30HE!, OPraHOB YNPAaBMEHUsA W 3aLUKThl (OTCYTCTBME 3aKMUHK-
BaHWIA NOOBUKHLIX YCTPOWCTE, HEAOMYCTUMbIX UCKAKEHWUIA MPOXOAHLIX CeYeHWI, ONpenensoLwmux pacxoq TenoHocu-
TENs U ABWXEHWe NCMOMHUTENBbHBIX M pabounx opraros CY3, HegonycTUMbIx fedhopMaunid CONPsKEHHbIX AeTanei).

8.2 PacuyeT Ha ANUTEeNBHYKO CTaTUYECKYH NPOYHOCTL

8.2.1 PacueT Ha ONUTENbLHYI CTAaTUYECKYK NMPOYHOCTE cregyeT NPoBOAWTL AN KOMMOHEHTOR B 30HAX
¢ Temnepatypoi T; u Bbiwe. Npy NOBEPOYHOM pacyeTe Ha OMUTENbHYH CTaTMYECKYH0 NMPOYHOCTL crieayet
paccMaTpuBaTbk BCE 3KCMMNyaTalWOHHbIE PEXMMbI, NPOXOAdALLNe NpKU TeMnepaTypax, paBHbIX UMK Bbile T,
Bknovas HHY3. YcnoBus NpoYHOCTU KOMMOHEHTOB NpuBeaeHsl B Tabnuue 8.3.

Tabnuuya 8.3 — Ycrnosus NPOYHOCTHU KOMNOHEHTOB NpPW pacyeTe Ha ANUTENLHYO CTaTUYEeCKY NPOYHOCTL

PacuyeTHas rpynna KaTeropuii HanpsKeHun
Tun KoMNoHeHTa
@ | e | ok | @ (Ol
[o] Ki[o] Ki[o]
CvnoBble KOMMOHEHTLl, B TOM 4ucne i 5 i
OrnopHble peLueTkn, kapkacsl TBC Zt_< 2 6 <1 Z t; &4 o o
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OkoHYaHue mabnuuypsi 8.3

PacueTtHas rpynna kateropuii HanpskeHun

Twun KOMNOHEHTa
| @ | ok (s, (@

KomneHcupyiolime ycTporcTBa

kt S
R A

8.2.2 KomnoHeHT TBC, paccuuTbiBaeMblil Ha OAMTENbHYI CTaTUHECKYI0 MPOYHOCTL, AOSKEH YOOBMNETBOPSATH
YCNOBUSAM, NTPUHUMaEMbIM MPY pacyeTe Ha CTaTMYECKY0 MPOYHOCTL BO BCEM AnanasoHe TeMNepaTtyp HUKe 1 Bbile T;.

8.2.3 MNpuBeaeHHble HaNPsHKEHUs TPYNN KaTeropui (), U () NPU pacyeTe Ha ANUTENbHYK cTaThye-
CKY0 MPOYHOCTb AOIMKHbI YOOBNETBOPATE CNEedyLL UM YCITOBUAM:

(o), = K{lol; (8.1)
(6)g = K'{lol, (8.2)
rage [Cf] — HOMMWHalnbHOE OOoNyCKaeMoe HanpsXeHune, BbiHncnaemoe no cbopmyrle
RT,
m
o|=—; 8.3
[o]= 22 ®3)

K; — koadbcbunumeHT npuseaeHns HanpskeHua (G), K MeMBpaHHbIM, KOTOPbIA BbIYMCMIAIOT B 30HaX MeM-
GpaHHbLIX UM MECTHBLIX MeMBpaHHbLIX HanpPsHXKeHU No popmMyne

©m
[o]

K, =125-0,25 (8.4)

K, =1,25-0,25 (8.5)

o]
K} — k0athdmumeHT NnpnBeaeHns HanpsxeHus (G)g K MeMbpaHHbIM, KOTOPLIA BLIMUCISIOT B 30HaX MeM-
BpaHHbBIX UMK MECTHBIX MeMBpaHHbIX HanpsxeHuid No chopmyne

(S)m
[o]

K/ =175-0,25 O (8.7)
[o]

Mpegen onuTenbHOW MPOYHOCTH R?,;ﬂ npwv onpeaeneHuu [G] cnedyeT BoibupaTh Anst CyMMapHOW Onu-
TENbHOCTU HarpyXeHusl pacCcMaTpuUBaeMbIMU HAMPSHKEHUSIMIU NPU COOTBETCTBYIOLLEN TeMMNepaType.

Mpw pacyeTe Ha ANUTENbHYK CTATUHMECKYH NpoYHOCTe TBC OomkHbl BbiTh MCNONB30OBAHLI 3HAYEHWSA
MEeXaHU4YeCKUX CBONCTB KOHCTPYKLWOHHLIX MaTepuaroB, KOTopble cnefyeT NpMHMMAaThL C y4eToM BruUsHUA ob-
NYYEHWUS U TEMITOHOCUTENS.

B cnyuae ecnu cpok cnyx6bl komnoHeHTa TBC BkntovaeT gBa unv bonee pexnMMoB HarpyeHusl, oTrnm-
YawLLMXCA No NPUBEAEHHOMY HaMpPsKEeHWI0, NOBpexXaaloLlen 4o3e UM pacyeTHON TemnepaType, TO AOMKHO
BbIMOMHATLCA YCNOBUE MO HAKOMNMEHHOMY ONMUTENBEHOMY CTaTUYECKOMY NMOBPEXAEHUID

K{=175-0,25

nrm (8.6)

5 &
2[—2 (8.8)

rae f; — Bpems HarpyXeHus paccmaTpvuBaeMbiM MPUBEAEHHLIM HaNpPsXXeHVeM B TeYeHWE i-T0 pexuma npu
TemnepaType T, 3@ BeCb Nepuoa aKcrniyatauuu (Cnegyet y4nTbiBaTb TOMbKO BPEMSA HarpyxeHus
npv Temneparypax MeTanna, pasHbix 1 Bbiwe T,

[t];, — Aonyckaemoe Bpems HarpyxeHus, Bbldncnsaemoe no opMynam Ana 3Ha4eHWd AnMTenbHON Npoy-

HOCTW, COOTBETCTBYIOLLEee TemnepaType T, NOBPEXAatoLLen 103e N NPUBEOEHHOMY HanpsxeH o Ha
-M pexunme, YMHOXEHHOMY:
- AN HaNPSXKEHWI KaTeropuu (o), Ha MHOXUTenNb 1,5/K,;
- ONA HanpskeHui (o)g; Ha MHOXuTenb 1,5/K';
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[ — YNCNO PEXMMOB HarpyeHusa, OTNUYaKLLMXCA TemnepaTypoin T, NoBpexaarollei 40301 Unv npu-
BeAEHHLIM HanpshHkeHnem.
B crnyyae ecnu cpok cnyx6bl TBC BkniouaeT aBa unv Gonee pexKMMOB Harpy>KeHWUs, OTIIMYaKLLUXCS Mo
HaNpsHKEHWI0, MOBPEXAAoLLER 1038 UMW PAacUYeTHOW TeMnepaType, TO OMKHO BbIMOMHATLCA YCIIOBUE Npoud-
HOCTU MO HaKOMMEeHHOMY ANMTEeNLHOMY CTaTMY4eCcKOMY NoBpeXaeHuto, npueegeHHoe B 8.2.3.

9 Pac4eTt Ha yCTOMYMNBOCTb

9.1 O6wMe nonoxeHUs pacyeTa Ha YyCTOM4YNBOCTb

9.1.1 PacueT Ha ycTon4ymBocTe TBC nonyckaetcsl BLINMONHATE aHANMTUYECKUMU, NMMOO YMCNEHHBIMU Me-
Togamu (B Tom Yyncne MK3) c uenblo onpegeneHuns BO3MOXHOCTM notepu yctoidmsoct TBC B uenom, nubo
noTepr YCTOMYMBOCTU OTAENbHbBIX KOMMNoHeHToB TBC.

9.1.2 MNpw npoBefeHWM pacdHeTa KOMMOHEHTOB Ha YCTOMYMBOCTb ONPeaensitioT KPUTUHECKNE 3HaYeHns
Harpyakv B COOTBETCTBUM CO CMenyLWUMU NONOXKEeHNAMM:

- TONLWWHBI CTEHOK KOMIMOHEHTa NpW pacyeTe crieqyeT NPUHUMAaThL PaBHbIMU (S — ¢);

- HOC B KOMMOHEHTE OOMKHO DLITL ONpefeneHo Npu eNCTBUU BCEX PACYETHBIX HArpy3ok;

- pelueHneM NIMHEeNHON 3agaymn yctondmeocTtu (buckling) YyucneHHbIM MeTogoM fomkHO ObiTh onpegene-
HO KPUTMHYECKOe 3Ha4YeHue Harpysku £, BbidbiBaollee noTepr YyCTOMYNBOCTH.

YCTOMYMBOCTL KOMNOHEHTa obecneyveHa, eciniv BbINOMHEHO YCroBUe

F< Fﬁ (9.1)
Nyr

rae F — pacHeTHaA Harpyska,
Fkr — KpUTWU4YeCKad Harpyaska,

2 &
Ny = E = I{OSCbCpVILI,MEHT 3anaca yCToun4mBOCTH,

g = I'IOHpaBO‘-{HbEﬁI KOSCbeMLI,ME.‘HT, O]'Ipe,EIEJ"IFIEMbH?I Ha OCHOBe COOTBETCTBUA pacCyUTbiBaemoro
KOMMOHEHTAa TUNOBbLIM CIny4YaAaAMm nnéo SKCNeprMeHTarnbHO. ,D,I'Iﬂ Bbl4YUCNEHWA N, CriedyeT Npu-
HMMaTb HauMeHbllee 3Ha4vYeHne E_,

9.2 PacyeT Ha yCTOMYMBOCThL B YCNOBUSAX MOM3y4ecTun

9.2.1 PacuyeT Ha yCTOMYMBOCTL B YCINIOBMAX MOMN3Yy4YecTu creayeT NpoBOAUTL ANg KomnoHeHToB TBC, Tem-
nepaTtypa KOTOpbIX paBHa unu npesbiwaet T, u (1nn) paboTaloWwmx B yCNoBMAX paanaLnoHHO! NoN3yHecTu.

9.2.2 lMNpu pacyeTe Ha YCTOMYMBOCTb B YCMOBWUSX MON3y4ecTW HEOOXOAWMO YYWTbIBATb BO3MOXKHOE
M3MeHeHue pasMepoB U hOPMbl KOMMOHEHTOB [B TOM 4YWCMe CBSA3aHHOE C paguauloHHbIM pacnyxaHuem
MNu pagvauMoHHbIM POCTOM (ONS UMPKOHMEBLIX CMMABOB), HAKOMMEeHWeM nnacTuveckux gedopMauumn,
nonay4ecTbio].

9.2.3 ®opmMynbl ANA pacyeTa 3HAa4YeHU CKOPOCTU paguaunoHHOW Non3y4YecTy npueedeHsl B Npunio-
KeHuu A.

9.2.4 PacyeT Ha yCTOWYMBOCTL B YCITOBWMSIX MOM3y4HECTW 3aKno4aeTcs B onpegeneHun SonycKaemoro
cpoka cnyx6bl Npu AENCTBMM Ha PACCHMTBIBAEMbIA KOMMOHEHT 3a4aHHbIX HAPYXHOMO AABMEHUSt U CXUMaK-
LMX Harpy3oK unv B onpeaeneHnn 4onyckaeMbix Harpy3oK Ans 3agaHHoro cpoka cryxbel TBC.

9.2.5 lNpwn pacyeTax cnegyeTt UCNonb30BaTk QPYHKUMIO YCTAHOBUBLLEKCS NOM3Yy4YecTy, UMeoLyo BUa

)

e =
ET

+ Ac"t + Bkat, (9.2)
rae e — gedopmauus,
O — pacdeTHOe HanpsiKeHue, onpegensemMmoe B cootTBeTcTBUM ¢ 9.3.1—9.3.3, Mla;
ET — moaynb ynpyroctv npu Temnepatype T, MMa;
A — koachULIMEHT TeMnepaTypHoit nonaydectu, MMa—-c~7;
B — koadhdpuumeHT pagmaunoHHOW NON3y4YecTy, MMa=1-c1;
n — nokasaTenb Non3y4ecTy,

23

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 27/ 46
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-70428-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67202
https://gostexpert.ru/gost/gost-70428-2023?utm_source=pdf&utm_medium=67202&utm_term=page

FOCT P 70428—2023

0; — WHTEHCUBHOCTb Hanpshxenun, MlMa;
k — ckopocTb Habopa noBpeXxagaLwen 0o3bl, cHalc;
t — Bpem4q, C.
9.2.6 Ha ocHoBe yKkasaHHOW 3aBUCMMOCTW MEXY € U G ONpefensoTcs 3HavyeHns B n n no KprBbIM Mor-

3y4ecTy KOHKpeTHoro matepuana TBC.
¥
9.2.7 Pacyet NpyMeHUM Npu G, < RPO,Q.

9.3 PacyeT Ha YCTOWYMBOCTb TUNMOBbIX KOMMOHEHTOB

9.3.1 PacyeT Ha yCTOMYMBOCTb LUNUHOPUYECKON 060N0O4YKK, HAarpyXeHHOW OCEeBOW CUION

9.3.1.1 ®opmynbl NPUMEHUMbI NS pacyeTa rMmagkux UMnuHapuyecknx obonovek 6e3 npogonbHbIX pe-
Bep KecTKOCTH.

CnuvpaneHble pebpa xecTkocTu nog yrnom Gonee 60° k oOpasyoLlen He cnegyeT paccMatpuBaTh Kak
yKpenneHwe oT 4eNCTBUS OCEBOW CUMbI.

9.3.1.2 ®opmynbl criegyeTt NPUMEHSITh MPW BbIMOMHEHWW CNefyoLWero yCrnoBus:

s—-C

0,05< <0,2. (9.3)
m
9.3.1.3 PacueTHOE 0CeBOE HanpsiKeHue cxaTus
F
C')‘ = — 9.4
¢ nDp(s-c) ()

9.3.1.4 Ina onpegeneHna 3Ha4YeHUs OOMYyCKaeMoro HanpseKeHus cnefyer HauTu ABa 3HaYeHUs KpUTU-
YECKOro HanpsKeHus:

- HanpsXeHWe NepBoro poaa — M3 yCroBusa obllen NnoTepy YyCTONYMBOCTY LMNMHAPUYECKOTO aleMeHTa
KaKk OAMHHOTO CTEPXHS;

- HanpshkeHwe BTOPOro poda — W3 YCINOBWS MECTHOW MOTepu YCTOMYMBOCTU LIMAWHOPUYECKOW TOHKO-
CTEHHOW 0BONOYKN.

9.3.1.5 KpuTndeckoe HanpskeHue nepsoro poaa

o
T m
Ok =12E" | —| , 9.5
kr1 [ L ] (9.5)
roe 1 =2 — ecnu OAvH KoHel, 000noYKkK KecTko 3agenaH, a gpyron ceobogeH;
1N =1 — ecnu 06a KoHLa LUNMHAPUYECKON 0B0NOYKM LWAPHUPHO ONEPThI;
n = 0,5 — ecnu o6a kKoHLa 060MNOYKN KECTKO 3a4enaHbl;
1 = 0,7 — ecnu oauH KoHel, 060NoYKM LUApPHUPHO OMEPT, a APYro KecTKo 3afenaH.
9.3.1.6 Kputnyeckoe HanpsixeHWe BTOpPOro poga

S—-C
Oprp = 1267 2=, (9.6)

m

9.3.1.7 Jonyckaemoe oCeBOe HanpsieHWe CxaTus crnegyeT BblYUCATb No dopmyne
(6] = min{[c]4; [o.]o} (9.7)

rae [ocly = 0.5 84 04
[0 = 0,5 & Oz
&4, E; — nonpaeoyHble KOIhDNULMEHTLI, ONpefensiemMble N3 yCroBuii:

-
A R
£y =mind0,7i—1—t, &, = 222, (9.8)
T+ Ay Okr1
T
A R
gz—min{D,ZS; . } Mg = 22 (9.9)
T+22 Okr2

9.3.1.8 YCTOM4MBOCTb UMMHAPMYECKON 0D004KM cnegyeT cumMTaTh 0becne4eHHoM, ecru BeINoMHAeTCS
ycrnosue
o, < [o,]. (9.10)
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9.3.2 PacuyeT Ha YyCTOMYMBOCTbL KOHMYECKOro nepexoga noa AeliCTBMEM OCEBOW CUMbI
9.3.2.1 ®opmynbl NpUMEHUMbI ONs pacyeTa rmagkMx KOHMYeCKUX NepexodoB, HaxoAsawmxca nog aen-
CTBVMEM OCEBOW CUMbI, YOOBMNETBOPALLUX YCNOBUSAM:

S$—C

0,005 < <0, (9.11)
Om

10° < o < 60°; (9.12)

0,005 <3 <01. (9.13)
m

9.3.2.2 Mpu o < 10° kOHMYECKNIA Nepexod cnegyeT cHUTaTh LMnuHApudeckon oBono4vkon, AnnHa Ko-
TOpOW paBHa BLICOTE KOHYCa, a CpeJHUI AnameTp paBeH OMaMeTpy Bonbluero 0CHOBaHUA. TOMLWKUHY CTEHKM
LUNUMHAPUYECKON 0BONOYKY crnenyeT NpUHUMaTh PAaBHOWM TOMLLMHE CTEHKWM KOHUYECKOro nepexoaa.

9.3.2.3 PacueTHOe oceBoe HanpaxeHWe cxxatuda cnedyeT BbIYMCIATE No popmyne

F

O¢ = . 9.14
¢ mDym(s-c) cosa (8:14)
9.3.2.4 KpuTn4eckoe HanpskeHWe cnegyeT BblYUCHATL No hopmyne
s-c
o4 =12E7 (—]Cosa. (9.15)
om .

9.3.2.5 [Jonyckaemoe HanpsxeHue cxxatua
[c.] = 0,5¢0,,, (9.16)

roe & — nonpaBouHbIA KO3PULIMEHT, onpefensieMbli U3 YCIoBUS

g
. A R
£ =minj0,25 2~ L - P02 (9.17)
1+ A Oyr
9.3.2.6 YcTOMYMBOCTbL KOHUYECKOTO NEpexoa crneayeT cuuTaTe obecnedeHHoN, ecnv BINOMHAETCA yCroBue
o.s o] (9.18)

9.3.3 PacueT Ha YCTOM4YMBOCTb rMagKUX LUNUHOPUYECKUX 060onoYek, HarpyKeHHbIX 0ceBbIM CXa-
TUEM, B YCNOBUAX MOM3Yy4YecTH
9.3.3.1 ®opmynbl IPUMEHUMbI NPU BLINOMHEHWW CredyoLWero yCnoBus:

0,005<2-¢

<0,2. (9.19)

m

9.3.3.2 Pac4eTHoe oceBOe HanpsiKeHue criegyeT BblYUCNATE No hopmyne

F

6, =———. 9.20
¢ nDp(s-c) L
9.3.3.3 PacueTHblil cpok cnyx6bl cneayet onpeaenaTh Kak HAUMEeHbLIee U3 OBYX 3HaYEHWIA:
S -1
1o =o-20frou] | 14(8,/4)(20)" 020
2"(Ac" +Bko; ) Ay (n-1)Dp (B, /A,)(200)"
E26kr2[1-20/(E2042) |
[{] s : (9.22)
2"ET (Ac" + Bko
roe £, — nonpasoyHbIN KO3 PULMEHT, ONpeaensembii U3 ycriosus
T
. A R
&4 =min 0 il A= it i (9.23)
1+ 7L1 O kr1
25
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Our — KPpUTUYEeCKOe HanpsaXxeHue, BblHnucnaemoe no cbopMyne

D 2
T m
o1 =12ET | 2| ; 9.24
kr1 ik (9.24)
1n =1 — ecnu oba KoHua UMNNHOPUYEecKon 060N0YKK LUAPHUPHO OMNepTh;
n = 0,5 — ecnu oba KoHua obono4YKKM XKecTKo 3agenaHsbl;
n = 0,7 — ecnu oQvH KoHew 0D0MOYKK LWapHUPHO ONEPT, a APYroM XecTKo 3agenaH;
§2 — MonpaBoYHbIN KO PULNEHT, BbIMMCNIAEMbIA 13 YCNOBUA

T
. A R
& = mln{O,ZS; 2 } hy = 22 (9.25)
1+ 7\,2 Olr2
Gy — KpUTHM4YECckoe HanpsikeHue, BblducnsieMoe no opmyne
s-¢C
Gyrp=ET ; (9.26)
Dm
A, — KO3UUKEHT, BbIMUCNSIEMBII MO hopmyne
J3n
Ay =——; (9.27)
2
B,, — koahuUKeHT, BelMMCnAeMbIi no dopmyne
2
(3n)"2 Ang
B, = —— (9.28)
(n+1)n
Iy — KO3MWLMEHT, BbIMMCTIAEMbIA NO hopmyne
-4
2-107°D
lg = —; 9.29
0 " (9.29)

B — koaduumeHT nonsy4yectu, cm. 9.2.5, (1/MMa)" - c
n — nokasaTenb Nonasy4yecTu, cm. 9.2.5;
A s — cnefyert onpefensTte No rpaguky Ha pucyHke 9.1 B 3aBUCKMOCTH OT 1.

9.3.3.4 YCTOWYMBOCTL 3MEMEHTOB KOHCTPYKUMIA crnedyeT cumTtatbh oBecrneyeHHOM, ecnu BhINMONHAETCS
ycrioBue

t <. (9.30)

A

\

06 \

N

04

0.2

2 4 6 8 10 12 14 n

PucyHok 9.1— lpacmk Anga onpeaeneHus A 4
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10 PacyeT Ha LUMKNNYECKY NPOYHOCTb

10.1 PacueT Ha UMKIMUYeCKYO NPOYHOCTb NMPU OTCYTCTBUU NON3y4YecTH

10.1.1 PacyeT Ha UUKNUYECKY0 MPOYHOCTL MpU OTCYTCTBUMM NON3y4YecTy NPOBOAAT AN KOMMOHEHTOR,
TemnepaTtypa MeTanna KoTopkiX He NpeBblluaeT T,

10.1.2 NMpw pacyeTe Ha LMKNMYECKY NMPOYHOCTE CNeayeT UCMOoMb30BaThk MUHUMATbHbIE 3HAYEeHWA KpaTKo-
BPEMEHHbIX MEXaHWYECKUX XapakTepucTUK MaTepuana ¢ y4eToM BO34eNCTBUA IKCMNyaTaunoOHHbIX (DakTopoB.

10.1.3 Onpegenenne gonyckaeMoro Ynucna LUMKIoB No 3a4aHHbIM aMnIMTyaaM YCrOBHbIX YNPYrux Ha-
NPSPKEHUI UMMM AONYCKaeMblX aMNNUTYA YCNOBHBIX YIPYTMX HANPsKeHW Ana 3afaHHoro Yncrna LUKNoe 4omk-
HO DbITe NpoBedeHo No yopMynam, CBA3bIBAKOLLMM ACMYyCKaeMble aMNnuTyabl YCMOBHbLIX YNPYTUMX Hanpsxe-
HUW 1 JoNycKaeMble Yncra LMKIoB.

10.1.4 AMNnNuTyga 3KCnnyaTauWoHHOMO YCMOBHOMO YNpYroro HanpsbkeHUs He OOrbKHa MpeBbllaTh O0-
nyckaemyo aMmniutyay HanpsbkeHus [(o,g)], monydaemyio ansa sagaHHoro yucna uuknos N. B criyuae ecnm
3ajaHa aMmnnuTyda YCroBHOMO YNPYroro HanpseHus, TO 3KcnnyaTauMoHHOe 4Mcro uUMknoB N He OOMmKHO
npeBbllLaTh AONYCKAeMoro Yucna UuMknos [Ny].

B crniyuyae ecnu npouecc HarpyXeHusi COCTOUT U3 psida LMKMNOB, XapakTepusyeMbiX amnnuTygamu Ha-
NPSKEHWN (G, £); U COOTBETCTBYIOWMMU YUCNaMu LMKNOB N, TO JOMKHO BbINOMHATLCS YCNIOBUE NPOYHOCTU MO
HaKOMMEHHOMY YCTanoOCTHOMY MOBPEXOEHUIO.

10.1.5 [onyckaemaa aMnnuTyaa yCrnoBHOIO yNpyroro HanpskeHnus [(c )] v gonyckaemoe 41cro uu-
knos [Ny] ansa cranen npw [Ny] < 10"2 paBHbl MWUHUMaNbHOMY 3HA4YeHUO U3 OBYX, BblYUCASEMbIX N0 popMy-
nam (10.1) n (10.2):

ET T RT _RTmin
[0ar]= e p?nz (10.1)
(4ny[No )™ (4nn[No])™ 1
[0ar]= Eon § RE Ry |
ol
T D" o]t ] 62
roe nG, nN — KOQq)qJVlLI,VleHTbi 3anaca npo4YHOCTU NO HanpAXXeHUAM 1 Mo YUCIy LUMKIOB;

r — KO3 (PUUMEHT aCUMMETPUN LMKNa HANPSXEeHNN;
m, m, — TnoKasaTtenu cTenexu, onpeaenseMsie no tabnuue 10.1;
Rg— XapakTepucTKa NPoOYHOCTH, MPUHMMaeMas paBHON
RI=RT {1 %14 107227 (10.3)
eg— XapaKTepuUCTMKa NMacTUYHOCTH, 3aBUCSLLASA OT 3HaYEHUS Zg, BbIYMCNAEeMasn no dopmyrne
100

-
e, =115lg———.
¢ 100- 2]

(10.4)

[Mpw ucnonb3oBaHUM MUHUMAanNbHLIX 3HAYEHUA OTHOCUTENBHOIO MOMEpPEeYHOro CyXeHUs ZT, npn ZT<50 %
cnepayet npuiumate ZL = Z7. Mpu Z7 > 50 % cneayet npunumars Z1 = 50 %.
lNokasaTtenwu cTeneHn m u m, v NPefen BeIHOCNBOCTU RL cnegyet npMHMMaTh no Tabnuue 10.1.

Tabnuya 10.1 — 3HadeHMa npegena BbIHOCIWBOCTH RZ 1 rokasateneu CTeneHn mu m,

OB60o3Ha4eHne RT, <700 MMa 700 MMa < RT < 1200 MMa
RT 0.4RT (0,54 -2 - 104RT)RT
m 0,5 0.36 +2 - 104RT.
me RT
0,132Ig —m(1+1,4-10*22T)
RT,

2T
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10.1.6 3Ha4YeHus XapakTepucTuk ET, ZT, jo 451 HeM30TepMUYECKOro LMKNa criegyeT NpUHUMaThL Hau-
MEHbLUMMK B MHTepBarne paboynx Temneparyp unkna. KoadduumreHT 3anaca npoYHOCTM MO HAMPSKEHNUSIM 1
cnegyeT NPUHUMaTh PaBHBIM 2, @ Mo YUCNY UMKMOB Ny pasHbIM 10.

Mpw pac4yeTe pe3bOOBLIX Y4ACTKOB LUMMMEK U BONTOR C UCMOMNB30BAHWEM YMPOLLEHHOMO YNpYyronnactu-
Yyeckoro pacyeTa no METOAUKEe, NpUBeOeHHOW B 7.4, cnefyeT npuHUMaTe koadulreHTsl 3anaca n; = 1,5
n ny = 3. MNpun ncnonb3oBaHnm koapdrumeHToB K, ONpeaeneHHbiX no Metoguke 7.6, cneqyeTt npuHUMaTh
n,=15nny,=>5.

10.1.7 [lonyckaemyo amnauTyay HanpsikeHWn Ana CBapHOro CoeanHeHus [G ] CneayeT BbIYUCNATb Mo
opmyne

[GaF]s = (ps[ﬁaF]l (105)

roe [o,.] — Aonyckaemasi aMnnuTyaa YCroBHbIX YNPYrUx HanpsbkeHuw, Boiducnsemas no gopmynam (10.1)
n (10.2) ons ocHOBHOrO Marepwana npu 3agaHHOM Yuche LMKIIOB;
g — KO3((PULMEHT, 3aBMUCALIMA OT BMAA CBapku CBapuBaeMbiX Marepuanos v TepmoobpaboTku
nocrne ceapku (pg < 1).

3HaueHuna ¢¢ npmeeneHsl B Tabnuue 10.2. MNpu OTCYTCTBUM SKCNIEPUMEHTANbHbLIX AaHHbIX 3HaYEeHMe @
JonyckaeTca npuHUMaTe pasHeiM 0,5.

10.1.8 B Tex cnydasnx, KOrga HU3KOYacTOTHBI® LMKMMYECcKNe HanpsXeHus, cBA3aHHbIe C MyCcKoM, ocTa-
HOBOM, M3MEHEHWEM MOLLHOCTU, cpabaTbiBaHMeM aBapuiHON 3aLLUTLl MW OPYTMMK 3alLMTaMu1, CONpPOBOXAa-
0TCH HaroXeHMeM BbICOKOYaCTOTHbIX HANPSAKeHW, HanpyuMep, Bbi3BaHHbIX BMOpaumen, nynscaumen tTemne-
patyp npv nepemMellMBaHUU NOTOKOB TEMMOHOCUTENS € pasNUYHON TemnepaTypol, pacyeT Ha UMKIUYecKy
NMPOYHOCTE NPOBOASAT C YHETOM BbICOKOYACTOTHOMO HarMpsKeHWs.

10.1.9 McxoaHble AaHHbIe O BbICOKOYACTOTHOM HarpyxeHun [amnnutyaa (o), Yactota (f)] cneayert no-
ny4aTh NyTem aHanu3a pesynsTaToB U3MepeHui npun akcnnyatauum TBC unn nytem ux pacyera.

10.1.10 Co4eTaHna HW3KOHACTOTHOIO LIMKNUYECKOro HanpshKeHWa ¢ amnnuTynon (G,g) U 4acToTton f
1 HaNOXEHHOro BbICOKOYACTOTHOTO HaMPSHKEHWA G aMninTyaon (G,) M YacTOTON f BbI3bIBAKOT CHKEHWEe [0-
MyCKaemoro Yucra LMKNOB HU3KOYACTOTHOro HanpsikeHus ot [Np] go [N], koTopoe criedyet BblMUCMATL MO
copmyne

[N = [Npl/ee, (10.6)

rpe & — KOSCbeMLI,MeHT CHVXKEHWA O0NYCTUMOTO YNCra UMKNOB NPy HanoxXeHWM BbiICOKOYaCTOTHbBIX LMKNOB,

ncnonb3yemMelX npu onpegeneH noBpexnoeHnusa 83*.
[Ana unkna HU3KOYaCTOTHOrO HanpsKeHWs /-ro Tuna noBpexaeHue 33* cnegyet Bbl4UCNATL NO cbopr\nyne

* -
(a3*); = @ NJ[N]- (10.7)
KoathdnUMeHT a2 He3aBUCUMO OT CTeMNeHW KOHLUEeHTpaLUWK HanpsXXeHUn, ocTaToOMHbIX HAMPSXXeHUn, Mak-

CUManbLHOro HanpsKeHWs UMKNa, 3Ha4YeHWA HOMUHAambHbIX HAMpsXeHun mn TemMneparypbl B npegenax oo Tt
cnefyert onpenendatb N0 HOMOrpammam, npueeneHHbIM Ha PUCYHKe 10.1, unn BbIMKUCIATL NO CbOpMyl'IE

{o.}
£ \"(c.)
B=|— , (10.8)
fo
rae fy = 1/(t; + t,) — 4YacToTa UMKNa HM3KOYACTOTHbIX HaNpskeHui, onpeaensemas 6ea yyeta nepuoga Bpe-

MEHW, B TEYEHNE KOTOPOro NpPOMUCX0AUT HaroXeHWe BbICOKOYaCTOTHbBIX HaNpsKeHuin Ha
NOCTOSAAHHbIE HANpsXXeHUs (cM. pucyHok 10.2);
(0,) — amMnnuTyaa NPUMBELAEHHbLIX HAMPSHKEHWI HU3KOYACTOTHOTO Lnkna 6es yuyerta KoHueHTpa-
LMK HaNpsKeHWn;
1 — KO3(hpULUMEHT, 3aBUCALLWA OT MaTepuana, NpyHMMaemslin no tTabnuue 10.3.
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PucyHok 10.1 — 3HavyeHua a& Ana KOPPO3WMOHHO-CTOMKUX XPOMOHUKENEBLIX CTAnen ayCTEHUTHONO Krnacca M X CBapHbIX

coeamHenuit R < 550 MMa

Ta6nuua 10.2 — SHaveHns KOAPPMUUMEHTA CHMKEHWNSA LIMKNNYECKOM MPOYHOCTH CBAPHbBIX COBANHEHUIA ¢
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OcHoBHOW MeTann MeToa ceapku CeapoyHbIi Matepuran B”ﬂnT; Cﬁ:’f{?g;;g OTEH (O

Cranu aycteHutHo- | PyyHas gyrosas SnekTtpogb! LIT-24 Bes tepmoobpaboTku 0,7

ro knacca
MonyaBtomartuyeckasa B | CB-08X14H8C36+ Bes tepmoobpaboTku 0178
CMECH 3alUNTHBIX rasos | +apron+2 % CO,
Py4yHas gyroas OnekTpogpl LIT-24Y bes TepmoobpaboTkm 0,7
Monyastomatnyeckan 8 | Ce-03X14H8C3b+aproH+2 % CO, | bes TepmoobpaboTku 0,7
CMeCK 3alLUUTHbIX ra3oB
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PucyHok 10.2 — ®opma uukna npu ABYX4acTOTHOM Harpy>XeHuu
Tabnuuya 10.3 — 3HadyeHus koadhbduumeHTa n
LinpkoHeBkiin cnnas | BeicokonernpoBaHHas XpoMOHUKeENeBas cTanb ayCTEHUTHOro Knacca R; < 550 MMMa

2,0 | 1,54

MpW OTCYTCTBUM 3KCMEPUMEHTaMNbHbLIX AaHHbIX O515 NpefBapuTerbHbIX OLLEHOK UCMOMNb3yHT 3HaYeHue
n=2.
10.1.11 MeTog pacdeTa nNpu OBYXHACTOTHOM LIMKIMWYECKOM Harpy>eHuu cnegyet npuMeHATb Npu Bbl-
NMONHEHUKN BCEX CMeayHLLNX YCIOBUN:
- OTHOLLIEHWE aMNNUTYAbl BbICOKOYACTOTHLIX HANPSXEHUNA (G ) K aMNIMTYOe HU3KOYaCTOTHBIX Hanpsxe-
HWA (O ,) HAXOOMTCS B MHTepBane
0 <{o)/(c,)=0,5; (10.9)

- abconTHOE 3HAYEHWME MAKCMMAaNbHOMO U MUHUMAIBLHOFO HM3KOYACTOTHEIX HaNpsKeHWd Npu AByxX4a-
CTOTHOM HarpyxeHuW He NpeBbIlaeT 3Ha4YeHus (O,OOZET+ R;O ) NpU paccmartpuBaemMoi TeMrneparype;

- otHoweHue f/fy He npesbiwaet 5 108; !

- YNCMO BbICOKOYACTOTHLIX LMKNOB C amnnuTyaoh (c,) B npedenax spemexu t; + t, npesbiwaer 10
(cm. pucyHok 10.2).

10.1.12 B cnyyae ecnu npu pacyeTe Ha LMKNMYeckKyt npodHocTs TBC He obecneunBatoTca TpebyeMble
K03 ULMEHTLI 3anaca NPOYHOCTU, TO OLEHKY LIMKMMYECKOW NPOYHOCTM NMPOBOAAT HA OCHOBE 3KCMEepUMEeH-
TanbHbIX KPUBLIX YCTANOCTW, NONYYEHHbIX AN paccMaTpUBaEMbIX YCIOBUIA HArpPYXeHUs!, KOHTaKTa C TeNMnoHo-
cuTenem, cocTtoaHua metanna TBC ¢ y4eToM COOTBETCTBYIOLMX KO PULMEHTOB 3anaca NpoYHOCTH M, Ny,

10.1.13 YcrnoBre Npo4HOCTM NPU HANUYUK Pasnn4YHbIX LUKNMYECKUX Harpy3oK NpoBepsatoT no dopmMmyne

k N'
—’:aN < [ay], (10.10)
i=1 [N];
rae N'- — YKXCNO UKMKNoB i-ro TMna 3a BpemMsa akcnnyatauunu;
30
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k — obuiee YyMcno TUMNOB LUMKMNOB;
[N]‘- — Jonyckaemoe YUCro UMKMAoB /-ro Tuna;
ay — HaKoMMeHHoe yCTarnocTHOe NoBpexXaeHve, NpeaenbHoe 3Ha4eHne Kotoporo [a,] = 1.
B obuiem cnyyae HakonneHHOe yCTanocTHoe NOBPEeXAeHNe OOIMKHO YAOBNEeTBOPATh YCIOBUK

a1 + 32 + 63
a =max B < lan] (10.11)
8y
rae a; — MOBPEeXAEHWNEe OT HU3KOYACTOTHLIX LIUKMOB HANPSXXEHUs!, Ha KOTOPbIe He HaMnoXeHbl BbICOKOYacToT-

Hble HanpsKeHUs;
a, — MOBPEXAEHWNA OT BbICOKOYACTOTHLIX HAMPAXEHWA NPW MOCTOAHHLIX 3KCAMyaTaLNOHHBIX Hanpsxe-
HUAX (CTALUOHAPHbLIE PEXMMBI);
a; — NoBpeXaeHne Tuna a,, onpeaensemoe [4ns YCNOBUIA HarpyXeHWs npu CTauMoOHapHOM pexume,
npueBoasiee Kk HanbonbLeMy NOBPEKOEHWIO 38 BPEMSA 3KCNnyaTauum;
a; — NOBPEXAEHWNA OT BbICOKOYACTOTHbIX HANPSXEHUIA B TEHEHNE LIMKNOB HM3KOYACTOTHbLIX HAMPAXEHNUIA
Ha NepexoAHbIX SKCMMyaTaLMOHHbBIX PEXUMAX a3 U NPY MPOXOXAEHNN PE30HAHCHBIX YacToT a;™*
B TEX Xe LuKnax.
B aTom cnyyae noBpexaeHWs OT BbICOKOYACTOTHbLIX HAMpPsHKEHWA B TeYeHWe LWMKMNOB HWU3KOYaCTOTHLIX
HanpsKeHWn cnegyeT BeIYUCNATE No opmyne

as = az" + az*". (10.12)
HakonneHHble NoBpexaeHus a, 1 a, BoluMcnaioT no gopmyne (10.10).

10.2 PacuyeT Ha gnUTenbHY0 UMKNUYECKYIO MPOYHOCTb

10.2.1 Pac4eT Ha ONUTENbHYI0 LUMKIMYECKY0 MPOYHOCTb CredyeT NpoBoAMUTh ANA KOMIoHeHToB TBC,
TeMneparypa KoTopbiX paBHa Unv npesbillaeT 7,.

10.2.2 KomnoHeHT TBC, paccunTbiBaeMblii Ha ANUTENbHYIO LIMKITMYECKYI0 MPOYHOCTL, JOIMKEH YOOBMNeT-
BOPATh:

- YCNOBUAM CTATUYECKOW NPOYHOCTH,

- YCNOBWAM ANUTENbHOW CTaTUYEeCKON NPOYHOCTMW.

[Mpu pacyeTe Ha ONUTENBHYK LMKNMYECKYI0 NPO4YHOCTL CNedyeT UCMNoMNb30BaTh CpeaHne 3HavyeHns anu-
TenbHbIX MeXaHW4YeCcKUX XapakTepuCcTUK MmaTepuana ¢ y4eToM BO3[eWCTBWMA aKcnnyaTaunoHHbIX (hakTopoB.
[onyckaeTcs NpoBOAUTL pacyeT Mo MUHMManbHbIM 3HAYEHUAM OAUTEMNbHbBIX MEXaHUYEeCKUX XapaKTepucTuK.
Mpwn pacyeTe Ha ONMTENbHY LUKMMYECKYH MPOYHOCTE cnedyeT npumeHsaTs nonoxeHua 10.1.3, 10.1.4, 10.1.7,
10.1.10—10.1.13.

10.2.3 [lonyckaemasa amMnnuTyaa ycroBHOIO YNpYroro HanpsKeHus [(G )] v gonyckaemoe Y1cro uu-
knoB [Ny] Ana ctanei npu [Ny] < 107 paBHbl MUHUMAaNbHOMY 3Ha4YeHUI0 U3 OBYX, BbIMUCAAEMbIX MO hOpMYy-
nam (10.1) n (10.2). Npwn aTom cnegyet NpuHUMaTh

.
R
R{ =—2 —; (10.13)
1-0,01-2}
T= wl : BT = BT s — :
el=el -RT, =R, . m=05; (10.14)
2,5
mg = 0,132-1g| ———— |, (10.15)
1-0:01. 2]
roe t — BpeMA aKkcnnyatauum KOMNOHEeHTa nNpu TemMmneparypax, Bbl3biBaKOLWKMX Monn-

3y4ecTb;
RITm — npegen ANWTenbHOW MPOYHOCTM NPKM MakcyMManbHOW TemnepaTtype Lukna
HarpyxeHus 3a spems t, Mla;

T .

emt = 1-15'|9—T — XapakTepucTuka ONUTEeNbLHOW NnacTUYHOCTKW, onpefensemasi paBHOMEp-
1-0,01-Zpy HbIM OTHOCHUTENbHbLIM CYy}XeHWeM MonepevHoro ceveHuns ZTmr npu onuTers-

HOM CTaTUYECKOM paspyLUeHnu;
RI“ — npegen BbIHOCMWBOCTW MPU MakCUManbHOW Temnepartype uukna u 107

LMKMOB HarpyxeHusa 3a spema f.
31
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B cny4dyae ecrnn aKkcnepuMmeHTarnbHO OﬁOCHOBaHO 4YTO RT“ >0, 4R TO NOKa3aTellb CTeneHn BblHNCNA-

mt:
10T no dhopmyne
-

R

e =0132-lg| — mt — |. (10.16)
RIy(1-001.2] |
3HaueHus ZTf BbIYUCIAT N0 hopmMyne
7
100A

Zhy = ——, (10.17)

100 + Ay

roe AT — OTHOCUTEeNbHOE yaonuHeHue obpasua npy ANUTENbHOM CTaTUHECKOM pas3pyLleHnn 3a BpeMms t;
ZT mt MPMHUMAKOT HaWMEHbLUUM B Npefenax Temnepartyp LMKna HarpyKeHus.
10.2.4 B cnyyae ecnu Temneparypa uukna HaxoguTtcs B nHTepsane ot T, oo T, + 50 K, To 3Ha4eHus
mr ONs NPOMEXYTOMHBIX 3HAYEHUI TEMNepaTypbl ONPenensoT NMHERHOW UHTEPNONSLMEN NO TemMnepaType

Mexay 3HaueHnem el npu T = T, u 3nauenvem el npu T= T, + 50 K.

10.2.5 KoachduumneHT 3anaca NpoYHOCTU MO HaNpsKeHUam ns cneayet NpUHUMaTh paBHbIM 2, @ Mo Yuc-
Ny UMKINOB Ny, paBHbIM 10.

10.2.6 [lonyckaemyto amnnnTyay HanpskeHun AN CBapHbIX CoeanHeHui [(6,F)]; BbrMMCNAT no popmyne

(0,05 = @406, (10.18)

rae [(c,£)] — amnnuTyAa aonyckaemblX YCIOBHBIX YNPYTMX HanpsikeHui, onpeaensemas Ans OCHOBHOMO Ma-
Tepwana npu 3agaHHOM Yucne LWKMoB.

10.2.7 B cny4yae ecnu paccMaTpuBaeMblid KOMMNOHEHT HarpyxarT LUMKITUYEeCKMMU Harpy3kamu npu tTem-
nepatypax T < T,u T2 T, TO CeqyeT yunTLIBaTb NOBPEKAEHUA OT BCEX LIMKIIOB HE3EBUCMMO OT TEMMNEPATYPbI
n ycrnosue (10.10) gomKHO BBLINOMHATLCA ANA CYyMMbl YCTANOCTHLIX MOBPEXAEHWA HE3ABUCUMO OT TeMnepa-
TYpbl LKMKNA.

[onyckaeTtca BpemMms aKcnyatauun pa3bueaTtb Ha BpeMeHHble MHTepBasbl. Y4cno oxXugaembix UAKIOB
pasnuyHoro Tuna N; cnegyeT pacnpefenaTh No MHTepBanam NponopLuMoHanbHO UX HDOTHX{EHHOCTM ,D,orlycxa-
eMOe YMCIO LUMKMNOB ANA KaXaoro MHTepBana BpeMeHn onpeaenstoT cornacHo 10.2.5. 3HavyeHna Rm,, Z 7] th
ONg pacyera B KaxOoM W3 BPEMEHHbIX MHTEPBANOB NPUHUMAKT A5 BPEMEHW BbIOEPKKA B YCMOBUSIX n0n3y—
4EeCTM f;, COOTBETCTBYHOLLETO OKOHYaHWIO i-r0 MHTepBana. 3Ha4yeHve ZTm LOMKHO BbITh HE Bonblle MUHUManb-
HOro B NpeaLwecTByOLWNX MHTEpBanax. HakonneHHoe ycTanocTHOE NOBPeXAeHWe NpKY HarpyeHum LuKnamm
pasnu4Horo Tuna cnegyet BbiuMcnate no dopmyne (10.10) kak cyMMy OTHOLLUEHWIA 0XUAAEMbIX YUCEN LIMKIOB
N; k gonyckaembim [N]; no Bcem nHTEpBanam.

10.2.8 MNpwu pacyeTe 4NUTENbLHON LMKNUYECKOW NPOYHOCTM KOMNOHeHTOB TBC, paboTatowmux B ycrnoBusax
HeWTpOHHOro 0bryyeHWs, 3a JOMyCcKaeMoe YUCMO LMKNOB OaHHOro Tuna npuHMMakT MUHUManbHOe 13 ABYX
3HaYEeHUN:

- ymcno umknos [Nglg = [Nol/y e, rae [Ng] — uvcno yuknoe ans amninTyabl HanpskeHuid no hopmynam
(10.1)—(10.4) (npv pacyeTax 4nsa yCNOBWUiA, HE BbI3bIBAKLWMX MON3Y4ECTh);

- YMCNO LUMKNOB MO pacyYeTHOW KPUBOW YCTaroCcTW UAW COOTBETCTBYIOLWNMM ypaBHEHWAM ANA aMnnuTyabl
HanpsHxkeHwin, onpeaenexdHon no dopmynam (10.1)—(10.4) n nogeneHHoNn Ha KOIMPPULNEHT Qr.

3Ha4yeHna KoaPPULNEHTOB Qg U £ ONPeSensioT no pesynbrartam UCnbiTaHui.

11 PacuyeT Ha conpoTuBIIeEHUEe pa3pyLUeHUIo

11.1 O6LWme nonoxeHnn

11.1.1 PacueT Ha conpoTUBMNEHWE pa3pyLUEHUD OOMYCKAaeTcs He NPOBOAUTL ANA KOMMNoHeHToBR TBC un3
cTanen ayCTEHUTHOTO Knacca Unu LBETHbIX CNNaBoB, HE NOABEPrakLLMXCa HEMTPOHHOMY 0BNYyYeHUo UK Noa-
BeprawLwmxcst obnyveHunio 4o cnoeHca He Gonee 1,5 - 102% HeiTp./M2 Npu aHEpPTUM obny4enua E 2 0,1 MaB.

11.1.2 Pac4yeT Ha conpoTuMBNeHue paspyLUeHuio NPOoBOASAT ANA BCEX PeXMMOB 3KCMnyaTauun, BKoYas
HY3, HHY3, YTIA, YW.

11.1.3 Pacuyer npoBogsaT ANS 30H KOMMOHEHTA, B KOTOPbIX BO3MOXEH HecTabunbHbIf pOCT TPeLUWHEI,
TaKuUX Kak cBapHble coefuHeHus (WBkl), obnactu ¢ HanbonbLWVMK 3HAYEHWUAMUN KO3 PUUNEHTOB UHTEHCUBHO-
CTW HanNpseHWN, C HAMMEHBLLLUMW AOMYCKAEMbIMW 3HAYEHUAMK XapakTEPUCTUK TPELLUHOCTOMKOCTH, a TalKe
C HAUMEHbLUUMK OTHOLLUEHUSIMWU AONYCKaeMblX 3Ha4eHUI XapakTepUCcTUK TPELLMHOCTOMKOCTH K PACHETHBIM.
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11.1.4 Onsa komnoHeHToB TBC, M3roTOBNEHHbIX U3 CMIIABOB Ha OCHOBE LIMPKOHUS, HEOOX0AMMO Yy4YMThI-
BaTb 3Ha4YeHWe TOMLWHbI OKWCHON MMEHKW Ha NOBEPXHOCTM TOHKOCTEHHbLIX KOMNoHeHToB TBC n cogepxaHus
BoAopoda B MeTanne, npu KOTOPOM MOXET NPOM30HATU OXpynyMBaHWe MeTanna.

11.1.5 Pac4eT coCcTOMT 13 BbIDOpa pacyeTHbIX 30H KOMMOHEHTAa, NPUHATUA (NOCTYNUPOBAHNA) pacyeTHO-
ro gedoekTa, onpegeneHus 4ns Hero pacyeTHbIX XapakTepuUCTUK TPELLMHOCTOMKOCTU U OLIeHKU CONPOTUBNEHMNS
paspyLleHuo NyTeM UX CPpaBHEHWS C OOMYCKAeMbIMU 3HAYEHUSAMM.

11.1.6 Pac4eTHbIW gedekT 0N OCHOBHOTO MeTanmna v CBapHOro WBOB UMITMHOPWYECKMX, Cdepuveckmx,
KOHWYECKMX, NNMATUYECKKMX, NNOCKMX KoMnoHeHToB TBC crnegyeT npuHMMaTh B BUAE NOBEPXHOCTHOW Mony-
3NNUNTUYECKON TpeLUUuHbl (pucyHok 11.1), a B OKpeCcTHOCTU OTBEPCTUIN — B BUAE MOBEPXHOCTHOM YeTBEpPTLAl-
NUNTUYECKOMW TpeluHel (pucyHok 11.2) rnybuHon a = 0,25s ¢ cooTHoLLeHMeM nonyocei 1/3.

/ N
//}"/: o

PucyHok 11.1 — lNoBepxHOCTHas NonyannunTuyeckas TpeLwuHa

A

PucyHok 11.2 — lMNoBepxHOCTHan YeTBepTEINNUNTUYECKas TpeLLMHa

Pac4eTHblil gedekT cnegyeT pacnonaratbe napannenbHo Nrowagkam AeACTBMS MaKCUMarnbHbIX HOp-
MarnbHbIX HANPSXKEHUIA.

11.1.7 KoadhpmupeHT 3anaca npoyHOCTY NpKU pacyeTe Ha CONPOTUBIIEHWE Pa3spyLUEHWIO 11, NPUHUMAIT
B 3aBUCMMOCTW OT KaTEropmin pacyeTHOro pexmnma paBHbIM:

- ona HY3 Ny =2;

- npu HHY3, YA M =1,5;

-ana YIA ne = 1.

11.2 YcnoBua npo4vyHocTH

11.2.1 ConpoTuBNeHne paspylleHWto cyMTaeTca obecneyeHHbIM, €CNK B KaObli paccMaTpuBaeMblii
MOMEHT BpeMeHW ANs KOMMOHEHTa C NOCTYNMPOBaHbIM pacyeTHbIM AedeKTOM B BUAEe TpelUuHbl Ans Bcex
pPeXUMOB 3KCMMyaTaunu BeINOMNHAESTCS YCNnoBue

K, <[KJ; (11.1)
nnu
K = I[K|]» (11.2)

rae K, K; — KO3(PPUUMEHTLI NMHTEHCMBHOCTW HAMNPSHXEHUA, PACCYUTLIBAEMbIE B JIMHEMHON UM HEMMHen-
HOW NMOCTaHOBKE;
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(K|l [Kj]; — Donyckaemble 3HaYeHUst KOIPPULMEHTOB MHTEHCUBHOCTU HanpsikeHWid, onpeaensieMble co-

rnacHo 11.3;
i — WHOEeKC, yKa3biBalLWMA HA TO, YTO AoNycKkaeMble 3Ha4eHUs KO3PULUNEHTOB MHTEHCUBHOCTH
HanpsKEHWA pasnn4arTca B 3aBUCMMOCTM OT pacHeTHoro pexuma: i = 1 gna HY3; i = 2 ans

YW n HHY3; i = 3 gna YMNA.

11.2.2 Pacdetom gomkHo BbITe ONpegeneHo MakcumMansHoe 3HadeHne ko3 uuneHTa MHTEHCUBHOCTH
K, vunu K| B Toukax A n C pacyeTHOro AedeKkTa B Ka¥/bii1 pacCMaTpMBaeMblii MOMEHT BPEMEHU B KaXOOM
pacyeTHOM pexMUMe C YY4eTOM NEPEMEHHOIO BO BpEMEHW pacnpeneneHus Temnepartyp U HanpsKeHun no ton-
LMHE CTEHKMU KoMnoHeHTa TBC B aHanu3mMpyemoiil 30He, BKMYas 0CTaTouHble HanpsKeHWs B OCHOBHOM Me-
Tanne U ceapHoM LiBe. [lonyckaeTca NPUHUMATL OCTATOMHOE HanpsKeHne paBHbIM Npefeny Teky4decTu npu
Temnepatype 293 K (20 °C).

KoadhpULMEeHTbl MHTEHCUBHOCTW HanpskeHWn K| JonyckaeTcs onpeaenaTtk cornacHo 11.4.

11.3 OJonyckaemble 3Ha4YeHMA KO3 HULUNEHTOB MHTEHCMBHOCTW HanpPsXKeHWUIA

11.3.1 Nlonyckaemble 3HaveHus [K ]
[Honyckaemoe 3Ha4eHne KoaduUNeHTa MHTEHCMBHOCTM HanpskeHui K ; cneayet BblMUCNATL No (popmyne

Kye
(K] === (11.3)
K
roe KJC — KpUTUYecKoe 3HadveHue KoadppuumeHTa MHTEHCUBHOCTU HaNpPaxXeHUn;

Ny, — KoappUuLMeHT 3anaca, NpMHUMaeMbli NO CrefyoLMm Npaemnam:
- NS CNNaBoB Ha OCHOBE LIMPKOHWS W BbICOKOXPOMUCTLIX cTanen npu Temnepatype T, He npeBbl-
LarwLen Tr' n, onpenenaeTca no 111.7;
- npu Temnepartype T, npeebiwatowen T, n,=1,1;
- ANA cTaneit aycTeHMTHOro knacca = 1,1.
11.3.2 lonyckaemble 3Ha4YeHus [K|]
11.3.2.1 Jonyckaemble 3Ha4eHWA KOIMPULNEHTOB UHTEHCUBHOCTH HanpskeHWi [K|]; paccunTeIBalOT Ha
OCHOBE TemnepaTypHbIx 3aBncumocTent K|, nnun K ;. MaTepnanos B UCXOAHOM COCTOAHMM.
11.3.2.2 [donyckaemMblie 3Ha4eHMA KO3PUUMEHTOB WHTEHCMBHOCTU HAMPSKEHWA ONS YrnepoaucTbiX,
NervMpoBaHHbIX (B T. Y. KPEMHEMAPraHLOBUCTLIX U XPOMOMONMOAeHBaHaAWEBbIX) U BbICOKOXPOMUCTBIX CTanewn
32BWCAT OT NpusBeaeHHon Temneparypbl (T — T,) v pacyeTHoro cny4as. MamMmeHeHne cBOWCTB matepvanos B
npolecce 3Kcnnyarayuy y4MTbiBAeTCH BBEOEHWEM B pacyeT CABUIOB KPUTUYECKOW TEMMEPATYPbl XPYNKOCTH
T, BCrieACTBME pasnnyHbiX BO3AENCTBUA B NpoLecce akcnnyartaunn. 3asncumocTs [K|J; ot [T - T ] nonyyaetcs
Kak ornbatoLas [Byx KpUBbIX, ONpeaensaeMbix no NCXoAHOW TeMnepaTtypHon 3asncumoctu K|, unu K ;.. OagHa
M3 3TUX KPUBLIX OOMKHa BbiTh NonyyYeHa AeneHWeM OpaMHaT MCXOLOHOW KPWMBOW Ha KoadduuMeHT 3anaca
MPOYHOCTU My, ApYras — CMeLLeHNeM UCXOAHOW KPUBOW BAOMbL ocu abcuuce Ha 3HauyeHue TemnepaTypHoro
3anaca AT.
KoathdurumeHTsl 3anaca ny npuHumMatoTcs cornacHo 11.1.7.
TemnepatypHbIi 3anac AT npUHUMaeTCA:
-ona HY3 (i= 1) AT = 30 °C;
-npu HHY3, YW (i = 2) AT = 30 °C;
-ona YNA (i=3)AT=0 °C.
3HauyeHne KpUTUYECKON TeMNepaTypbl Xpynkoctu T, npuHumaeTca cornacHo 11.3.3.
11.3.2.3 lMpwn onpepenexuu [K|]; sHayenuna roeHca £, u Temnepatypbl T MPUHUMAIOTCA PABHBIMU UX
3HAYEHUAM B PACYETHON TOUYKe hpOHTa TPELLMHbI.
11.3.3 Kputnyeckan Temnepartypa XpyrnkocTu
KpuTudeckyo TemnepaTypy XpynkocTu matepuana cnegyet BelUUCATL No hopmyne

T =T+t AT+ AT, (11.4)

roe TKD — KpUTUHeCKad TeMmnepartypa Xpynkoctm martepuarna B MCXOOHOM COCTOAHNN,
ATT — caBur KpMTVI‘-IeCKOVI TeMnepaTtypbl XpYNKOCTW BCNenCcTBME TEMMNEPATYPHOIo CTapeHus;
ATF — caBur KDMTVI‘-IECKOPI TeMnepartypbl Xpynkoctn BCcnencTteve BIMAHWA HEﬁTpOHHOI’O OGHy‘-IEHMFl.
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11.4 OnpepeneHune koadhuLMeHTa UHTEHCUBHOCTM HanpsokeHui K|

11.4.1 Pac4eT ¢ ncnonb3oBaHuem KI JonyckaeTcs NpoBOAWTb, ECNKY BbINOMHAETCH YCnoBue

H T

Gerr < 0,8Rp02, (11.5)

rae oty — adhdbekTuBHBIE HETTO-HANPSIKEHMS.

3Hauene ol BoiuncnsoT no dopmyne

c
G‘:ff = off ) (11.6)
: af(s+sy)
- 0,1
1+ES+ Sy 1__ 2
T C S+sSy

€ Gg — 3PPeKTBHbIE BPYTTO-HANPAKEHNS.
ShheKTUBHBIE BPYTTO-HANPSIKEHUA G r ONPEOENnsoT U3 YCroBus

K{oem = Ko}, (11.7)

rae  K{c} — MakcumarnbHoe 3HayeHue KodadduUMeHTa MHTEHCMBHOCTW HaMPSKEHWA B Touke A (PUCYH-
kn 11.1, 11.2) npu gecTBMM HaNPSKEHUA PacYETHONO peXuma, HepaBHOMEPHO pacnpeneneH-
HbIX MO TOMLWWMHE CTEHKM KOMMNOHEHTA;

K{{Cgom — 3aBUCUMOCTL KOMMULMEHTA MHTEHCUBHOCTW HaMpshiKeHnd B ToUKe A OT HanpPmKeHUN G,
paBHOMEPHO pacnpedeneHHbIX Mo TONLWMHE CTEeHKU KOMMOHEHTA.

KoathpuLneHTbl MHTEHCHBHOCTY Hanps)eHuin K| B ToYke A [OMNyCKaeTcAa onpedensaTh COrmacHo rnono-
KEHUAM HACTOoSLLEero nogpasaena.

11.4.2 B cny4ae HeBbInonHeHns ycnosua (11.5) pacyet QomkeH NpoBoaAUTLCA METOAaMWU HENWHENHOR
MexaHUKW paspyLieHus ¢ Mcnonb3oeaHuem K (BbluncneHvem J-uHterpana) Ha ocHose HIC B komnoHeHTe,
paccYUTaHHOro B yNpyronnacTM4eckon NocTaHoBKe.

11.4.3 [onyckaeTcs B cnyyae HeBbiNonHeHWs ycnosus (11.5) npoBoguTh pacyeT MeTodamu NMUHENHOR
MEeXaHWKW1 paspyLleHusi C UCNOoMb30BaHWEM criedyoLlen npouenypsl Koppekuun koauymeHTa MHTEHCUBHO-
CTU HanpspKeHnn K| ¢ y4eToM NnacTUYeckon 30Hbl nepes (hpoHTOM pacyeTHoro AedexTa.

Paguyc r, MM, NNacTUY4EeCKOW 30HLI B BEPLUMHE TpeLluHbl credyeT Bbl4UCATE No dopmyrne

3 2
| (11.8)
= f L ,
bn RpO,Z

roe R,Tso,z — 3Ha4veHue npegena TEKY4EeCTU B BEPLUVMHE TPELLUHBbI;
K, — 3HaveHue KoapurumeHTa MHTEHCUBHOCTU HANpPsXXEHUA B BEPLUMHE TPELLMUHbI.
CKoppeKkTupoBaHHOe 3Ha4YeHue KoadhdUuUMeHTa MHTEHCUBHOCTU HanpshKeHuA Klp cnegyert BblYMCAATh
no popmyne
a+r

Kip = iyt (11.9)

roe KoahuUMeHT o cneayeT onpefensTh Mo CneayowuM npasunam:
-o.=1npnr=0,05(s - a);

r—0,05(s-a)
0,035(s —a)

-o.=16npnr>0,12(s—a).

11.4.4 KoathhMLUMEHT MHTEHCMBHOCTU HanpsbkeHnid K| Ans BbiGpaHHbIX pacyeTHbIX TPEeLUH OnpeaensioT
aHanuUTUYecKW, YACIIEHHO UMM 3KCMEPUMEHTAanNbHO.

11.4.5 KoadhnUMeHT MHTEHCUBHOCTU HanpsbkeHun K (MMa - M”z) ans unnuHapuyeckux, cepude-
CKMX, KOHWYECKUX, AMANNTUYECKMX, MAOCKMX KOMMNOHEHTOB, HarpyXaemMblX MeEXaHU4eCKUMK Harpy3kamm u Tem-
nepaTypHbIMW BO308NCTBUAMM, AONYCKAETCA BbIMMCAATL Mo dhopmyne

2
- u—1+0,15( ) npu 0,05(s—a) <r=<0,12(s - a);
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1
a |2
n(ﬁpMp + Gqu)(T[F]
K = ) i (11.10)

rae .  — KO3(pdUUMEHT, y4MTbLIBAIOWMA BAUAHME KOHUEHTPAUWKM HanpseHwi, onpefensieMblil cornac-
HO 11.4.8 1 11.4.9;

Gp — COCTaBensoLLas HanpshxeHun pactsxeHus, MMMa;
0, — CocTaBnsawwasn M3rnbHbIx HanpskeHun, MIMa;
Mp= 1+0,12 - (1 -alc);

M_=1-0,64-alh;

q
a — rny6buHa TpeLwuHbl, MM;

€ — MonyAnuHa TpeLWHbI, MM;
h — [OnuvHa 30HbI, B NpeAenax KoTopoW COCTaBNALLLAa N3rMOHBIX HANPSPKEHUIA COXPaHAET NMONOXNTENb-
Hoe 3HaqeHve, MM. [Npu pacyetax Ansa pexumos HYO n YW gonyckaetca npuHumats h = 0,5s;
Q=[1+46"(al2c)"5%]"2,

lMpw pacyeTe 30H, r4e OTCYTCTBYET KOHLEHTPaUWS HAaNpsSXeHui, npuHuMmaetca n =1.
11.4.6 CocTaBnAwLLY0 HanpskeHUA pacTsKeHUs (KONbLEBLIX MMM OCEBbIX) BLIMUCIASIOT Mo hopMyne

1
ojp =] oax, (11.11)
S

roe j — koopauHata © unu z;
6 — OKpy>XHOe HanpasrneHue;
Z — 0CeBOe HanpasreHue;
S — TOMWMHA CTEHKU B PACHETHOM CEYEHUM.
11.4.7 3HavyeHne cocTaBnALEen HanpsKeHuin n3rnba BeIMMCASAIT No popmyre

Gy = Ojp — G (11.12)

19 J P
roe Gjn — 3Ha4yeHue beHKLI,MI/I U3MEHEHMNS HaNPAXXEeHWA MO TOMWMHE CTEHKW B TOYKE N.

TOLIKy n cnegyert pacnonaratb Ha HapymHoﬁ U BHyTDeHHEFI NOBEPXHOCTU KOMMOHEHTA B 30HE Oeun-
CTBUSA MaKCUMalbHbIX pacTArMBaLWNX HAMPSMEHUN. ﬂOI'IYCKaeTCFI onpenendrtb KI no cbopmyne

K =n(0,70, + 0,450,) - (s/103)1"2. (11.13)
11.4.8 KoabprmeHT 1 OAng 30H Nepexoaa »KeCcTKOCTer BblYMCNAT No popMynam:
n=1+(K,-1)°7-18/(sIR,) npu 0 < sIR, < 5; (11.14)
n=1+(K,—1)0°7-9/(s/R,)? npu s/R, > 5, (11.15)
rae R, — paguyc KpUBM3HbI KOHLEHTpaTopa HanpsikeHus (ranTtenu) B paccunTLIBaEMOM CEYEHUN;
K — TeopeTnyeckuin KoadhVLMEHT KOHLEHTPpaUWK (4ONyCKaeTCa NPUHUMATE paBHbIM 3Ha4YeHuo K npu
pacTsKeHUM).

Mpun > K cnegyet npuHnmate 1 = K.
[HonyckaeTtca onpegenstb 1 no rpadukam Ha pucyHke 11.3.
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PucyHok 11.3 — 3aBUCUMOCTb KO3MMULIMEHTA 1) OT OTHOLLIEHUS /R, ANA 30H Nepexofa XecTKocTel

12 Pac4eT no npegencHon gechopmaummn

3HayeHnsi HAKONTEHHOW BA3KOMNMACTUYECKON ,EI,E.‘CDODMEILIMM pacTsaXeHud, KOTOpble He OOIMKHbI NpeBbl-
waThk npegenbHOro 4onyctmMoro 3Had4eHund, cneyeTt BblYUCHATEL No cbopmyne

CR

[e“’]:%, (12.1)

roe k. — koatbduumeHT 3anaca (k, = 1,5);

CR 3
Enpe,c; — npegenbHOe 3Ha4YeHne HaKoMnJiIeHHoOn ,EI,E.‘CDODMELIMI/I.
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13 PacuyeT Ha nporpeccupylouiee nuameHeHme ¢popmMbl U pasmepoB

13.1 PacyeT Ha nporpeccupyloLlee nsmeHeHve opmel 1 paamepoB TBC (dhopMonameHeHne) npoBoaaT
NPUMEHUTENBHO K KoMrnoHeHTaMm TBC, Anga KoTopbiX ocTaTOuHbIe M3MeHeHusa opMbl U pasmepoB B paboTe
HEeZoMyCTUMbl UM OFPaHMYeHbl 3a4aHHBIMKU NMpedenamMu No YCroBUsAM HOpManbHOW akcnnyaTtauun TBC.

13.2 PacueTt NpoBoAsAT ANs HOpMaribHbIX U NPWU HapYLIEeHUW HOPManbHbIX YCITOBUA aKCMyaTaumMm ¢ yye-
TOM BCEX pacYeTHbIX Harpy3ok, ykasaHHbix B 4.18.

13.3 PacueT uameHeHnsa reoMeTpu4ecKknx paamepoB KOMNOHEHTA MPOBOAAT NOCPEACTBOM PELUEHNSA BA3-
KOynpyronnacTu4eckon 3aaavu (C y4eTom TEPMUYECKON NMON3y4YeCcT, paanauuoHHOro pacnyxaHusa unu pagu-
aLMOHHOro pocTa (AN LMPKOHWEBLIX CNMABOR) M paavauMoHHONM MOn3y4yecTu).

13.4 Becb paccmaTpuBaeMblii NEPUMOL 3KCNNyaTaLMm JomkeH BbiTs pa3but Ha BPEMEHHbIE UHTEPBAnbI
At, Tak uTO £\ 4 = 1, + At [INS KAXO0ro BPEMEHHOTo MHTepBana At; pellaeTtcst BA3koynpyronnactuyeckas 3a-
Jada nyTem noLaroBoro npocneXuBaHUa UCTOPUW Harpy»KeHusa Ha AaHHOM BPEeMEHHOM WHTepBarne, npuyem
BPEMeHHbIe Warn At; Ana pelleHns yKkasaHHoN 3afaqun AOIKHbI BbiTh AT; << At,.

13.5 Ha kaxxgom BpeMeHHOM MHTepBane Af; cnefyet UCMONb30BaTb MexaHUYeckne CBOMCTBA Martepua-
na, KOTopble COOTBETCTBYHOT KOHLLY paccMaTpuBaeMoro BPEMEHHOro vHTepsana At; (COOTBETCTBYIOT BpEMEHU
ti1q). donyckaetcsa ncrnonb3oBarb AaHHbIE MO MEXaHUYECKUM CBOWCTBaM, COOTBETCTBYIOLNE KOHLY paccMa-
TpMBaeMoro nepuoga akcnnyatayuu.

13.6 HanvgeHHble pacyeToM 3Ha4YeHNA NepemMeLLEeHnA, onpeaensatownx naMeHeHne Opmbl M pasMepoB, Ha-
KOMIMEHHbIX B KOMMOHEHTE B TEYEHMWE 3a4aHHOro Cpoka cnyXbbl ¢ y4ETOM YMCra NOBTOPEHWIA 3KCMMyaTaLMOHHbIX
PEXMMOB, HE JOIMKHbI MPeBbILLIaTh AOMYyCKaeMblX, YCTaHOBINEHHBIX Ha OCHOBaHWMW 3KCMMyaTauMoHHbIX TpeboBaHUi.

13.7 PacueT dhopmonsmeHeHnss TBC HeoBXoOMMO BbLIMOMHATE C YYETOM aHanuaa WCXOOHbIX AaHHbIX,
BKMOYaoLWmMx B cebsa BO3MOXHbIE OTKNOHEHWUSI TOMWWH KOMMOHEHTOB, pa3bpoc (U3MKO-MexaHUYecKux
CBOWCTB AN 06OCHOBaHWSA Haubonee KOHCEPBATUBHOMO cocTossHUA TBC.

13.8 lNpu pac4ete hopMOU3MEHEHNA PEKOMEHOYETCH YYUTLIBATh BO3MOXHbIE 0OpaTHble CBA3W B aKTUBHOM
30He, Korga BcneAacTBre U3MEeHeHWA NPOXO4HbIX CeHEHUA N ApYrMX pa3MepoB, KacaHus TBANOB APpYr C APYroM UMK
kapkacom TBC B HEMpOEKTHbLIX NMONOXEHWAX U3MEHAKTCA UCXOOHbIE TeMMNepaTypHble 1 U3NYEecKUe 3aBUCMMOCTI.

13.9 Onsa yyeTa pacnyxaHus, paguaunoHHoOW 1 TeMnepaTypHOW Non3y4ecTn pekoMeHayeTca NcnomnbL3o-
BaTb ypaBHEHUs, NpuBegeHHbIE B MPUNOXKEHUN A.

13.10 Mo pesynsTatam pacyeTa (HOPMOUIMEHEHUS OMPedensT PacYeTHOE MOMOXKEHWEe KOMMOHeHToB TBC,
WN3MEHEeHMWE NPOXOHLIX CEYEHUIA, MPOrMbbl KAHAMOB OPraHoB YNpPaBNeHUs 1 3aLlWThLl AN NOATBEPXKAEHUS AONYCTUMO-
CTU AedyopMaLuMi C LUenbi UCKNIOYEHUS 3aKNUHUBaHKUA, Neperpesa v ApYrux OTKNOHEHWUA OT NPOEKTHOr0 COCTOSIHUS.

13.11 PacueT Ha nporpeccupyrLlee nameHeHve opM M pasmepoB NPOBOOAT AMA BCEX KOMMNOHEHTOB
TBC, ons KOTOpbIX OCTATOYHbIE 3MEHEHWA hopMbl U pa3amepoB B paboTe HeQoNyCTUMbI UMW OrpaHUYeHbI 3a-
OaHHbIMWU NpegenamMu no ycrnoBuaAM HOpManbHon akcnnyaTtauuu TBC (no ycnoeuam pabotocnocobHocTy noa-
BWXKHbIX COeANHEHWN, pa3bupaeMoCcTy pasbeMHbIX COeANHeHWH, cTabunbHOCTK 3a30p0B, obecne4vmBatoLmMx
rMApaBnnyecknue XapakTepucTrKn).

13.12 Mporpeccupytollee nameHeHne HOpPMbl U Pa3MeEpPOB B KOMMOHEHTE OTCYTCTBYET, €CrM MaKcu-
ManbHOe 3Ha4YeHWe pasMaxa MpUBEeAEHHbIX HAMPSKeHUN (G)g B KOMMOHEHTE HE NPEeBbILaeT AOMYCKaeMoro
3HaYeHus

;
Rpo 2
R

(6)g <min{| 25— Rpo2i 2Rjo2 |- (13.1)

B cny4ae HeBbINMOMHEHUA OAHHOrO YCMNOBWUS A0OMNyCKaeTcAa npoBefeHWe YTOYHEHHOW OLEeHKM mnpucno-
cobnsieMmocTu.

13.13 YTouHeHHan oueHKa npucnocobnsemocTu npoeoguTtcsa ansg HY3 n HHY3 gna Bcex pacyeTHbIx
Harpy3ok cornacHo 13.13.1 u 13.13.2, KpoMe BHELHWUX AMHaAMUYEeCKUX U BUBpaunoHHbiX. [JJomKHO BbiTh Bbi-
nonHeHo noboe 13 ycnoeun npucnocobnsemoctn cornacHo 13.13.1 n 13.13.2.

13.13.1 na ocecMMMETPUYHBIX KOMMOHEHTOB C LUMKMUYECKU M3MEHSIOLENCHa TeMNeparypor CTEHKM,
Harpy>eHHLIX 4aBrneHueM, npucnocobnsaemMocTs obecnevyeHa, ecnu BeIMOMHEHbI CrieyLLne YyCroBuUs:

- B CNly4ae NMHenHOoro pacnpegeneHna Temneparypbl no TOMNWMHE CTEHKW KOMMOHEHTa

1
yé; npn 0 < x £0,5;

(13.2)
y<=4(1—x)npn 0,5<x<1,0;
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- B Cny4dae napaﬁonmquKoro pacnpegeneHna Temnepartypbl N0 TONMWWHE CTEHKN KOMIMOHEHTa

y<52(1-x)npu 0,615 <x<1,0;
y<4,65npn0,5<x<1,0;

(13.3)
y = 3,55 B cnyvae x = 0,4,
y £ 2,7 B cnyyvae x = 0,5,
rme X = c;m — OTHOLLEHUE 0BLWMX MemBpaHHbIX HANPSXXEHUA K Npegeny TekydecTy Npu Temnepartype T;
Rpo2
A .
. N OTHOLUEHWEe pasmaxa MEeCTHbIX TeMmnepaTypHbIX HanpskeHun 6e3 ydeTa KOHUEeHTpauuu K
Rpo’z npegeny TekydecTu npu temnepartype T.

[MpoMexyToYHbIE 3HA4YEeHNA ¥ cnedyeT Bbl4MCNATbL TMHENHOW MHTEpPNONsALMen.

13.13.2 YTOYHEHHYK OLEHKY MpUCNocobNsemMocTy ynpyronnacTuyecknm WAKW ynpyroBs3konmnacTuye-
CKWUM pacyeToM NPOBOLAT MO HAKOMMEHHbIM B KOMMOHEHTe AeopMaLnsam U nepemMeLleHnsm.

[onyckaemble 3Ha4YeHUs HaKonneHHon gedpopmMauunmn pacTskeHna A4 cTanen aycTeHUTHOro Knacca He
OOMKHbI NPEeBbIWAaTb:

- 1 % ons cpegHen gedopmalyy No CeYEHUK KOMMNOHEHTA (MO TOMWMWHE CTEHKN);

- 2 % ANA MakcMmanbHOro 3Ha4eHnsa Ha NOBEPXHOCTM KOMMNOHeHTa aedopmMal i, NMMHeapU30BaHHOW No
CEeYEeHUI0 (MO TOMWKMHE CTEHKHN);

- 5 % B nNbOI TOYKE KOMMNOHEHTA.

[na ceapHbIx coefuHEHWA CTanen ayCTEHMTHOTO Knacca gonyckaemasa gedopmauua coctasnget 0,5 ot
gonyckaemon gedpopmMaunmn 0CHOBHOMO MeTanna.

HahgeHHble pacHeToM 3HA4YeHWs NepeMeLlleHWr, HAaKoMNMeHHbIX B KOMMOHEeHTe B Te4YeHue 3adaHHOoro
cpoka cnyx6bl ¢ y4eTOM BCexX NOBTOPEHWI IKCNITyaTalMOHHbIX PEXXUMOB, HE AOMKHbI MPEBbLIWATL NPEeaenos,
YCTaHOBIMEHHLIX B NPOEeKTe.

14 Koppo3noHHoe pacTpeckMBaHue Nog HanpskeHUuem

14.1 Ycnoswe NMPOYHOCTU NO MeXaHU3My KOPPO3MOHHOIO pacTtpeCKknBaHWA Nog HanpsaxeHnem obecneue-
HO, eCInu BbINMOJTHAETCA yChnoBue:

tens tens |. tens | _ _tens
Geqv = [Geqv J’ lceqv J_ Geqv lim 'I[KSCC]’ (14-1)

roe Gteeqr‘ifs — MakKCumMaribHOEe 3KBMBAneHTHOE HarnpaxXeHue B obnactu pacTAXeHnA, MMa;

ch*q’]fJ — OONycTUMOe 3KBMBameHTHoe HanpshkeHue B obnactu pactskexus, MlMa;

Ggig,snm — npefenbHoe 3KBUBANEHTHOE HanpshkeHre B obnacTu pactsxenus, MMa;

[Ksccl — koadpbcpuument sanaca, [Kgpol = 1.5.
Ona pexumoB HY3 dé%n\,snm COOTBETCTBYET MOPCroBOMY 3HAYEHWID KOPPO3UOHHOIO pacTpecKWBaHWS
noA HanpsPKeHWeM ¢ y4eTom obryydeHus n TemnepaTypei.
14.2 3HayeHve Gteeqnvs“m NPUHUMAOT NOCTOAHHBLIM NpU pexuMax HY3 B 3aBucumocTn ot obnyyeHus u

TeMmnepatypel, npu pexumax HHY3 n YTA onpegensitoT 3aBUCUMOCTbHO
Coqvim =(A-B)-e7T+ B, (14.2)

roe A, B, T — KOHCTaHThbI, onpefensieMble 3KCnepuMeHTarnksHo;
t — Bpems peanusauun pexuma HHY3 un YA, 4.

14.3 Onsa komnoHeHToB TBC, M3roTOBMEHHbLIX M3 CTanel ayCTEHUTHOrO Kacca W KOHTaKTUPYHOLWUX CO
Cpefon TENMOHOCUTENS NepPBOro KOHTYpa, pacyeT JoNnyckaeTcsl He NPOBOAMTb MPpK NOBpexaalllen [o3e B
KOMMOHEHTe MeHee 3 CHa.

14.4 MNpw pacyeTe HeODXOAMMO YHUTBIBATb OCTATOYHbIE HAMPSKEHWS B CBAPHbIX COEOUHEHUSIX.
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MpunoxeHune A
(cnpaBo4Hoe)

Mopgenb non3y4yecTtun MmaTtepuanoB TeENNOBbLIAENAKNWUNX CEDPOK

A.1 B pacyetHoM obocHOBaHUM HeoBXOOMMO yYMThIBaTE KpuBble AedhopmupoBaHua matepuanos TBC nop aoen-
CTBMEM HEWTPOHHOro 0BMNyYeHUs 1 TeMneparyphbl.
A.2 [1nA onvcaHna CKOpOCTM pagnaunMoHHON M TEPMUYECKON NON3Y4eCcTV CredyeT UCnonb3oBaTh 3aBUCUMOCTb:

Eor = Bko + Ac”, (A1)

rde A, B,n — koadypuLMEHTEl ypaBHEHUS A1 CKOPOCTM MON3y4ecTH, onpeaensemMble aKCnepumeHTanbsHo;
k — ckopocTb Habopa nospexaaroLlen 403bl, CHalc;
G — HanpsxeHve, MMa.

A.3 [Ins onucaHusa cKOpocTM paguaunoHHOro pacnyxaHusa CreqyeT MCNomnb3oBaTh 3aBUCUMMOCTb

Eqw = Agy €XP (—Bg, [T - TO)Z) - kt, (A.2)
rae Agy Bgyr To — KO3PUUMEHTEI ypaBHEHWUA ANS CKOPOCTH MOM3y4ecTud, Onpedensemble aKCnepuMeHTansHo,
k — ckopocTb Habopa noBpexaatoLein 0o3bl, cHa/c;
T — Temnepartypa, °C;
t — Bpewms, c.
40
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Bubnuorpadcgun
[1] ®enepanbHbie HOpMbI U NpaBuna OcHoBHble TpeboBaHuA K 0BOCHOBAHWIO NPOYHOCTM U TEPMOMEXAHUYECKOro
B 06nacTty Ucnofb30BaHWUsA aToMHON noBedeHUsi TennoBbIgenaWnx cbopok ¥ TENNOBLIAENSALWNX 3MeMEHTOB B
aHeprun HIM-094-15 aAKTUBHOW 30HE BOOO-BOAAHLIX AHEPTETUHECKUX PEAKTOPOB
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YOK 621.039:531:006.354 OKC 27.120.20
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